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(57) Abstract: 

PURPOSE: To obtain an organic electro-luminescence 
element of good luminous efficiency and sufficient 
brightness at a low cost by easy manufacture, by using a 
luminous layer which consists of a fluorescent 
substance, a positive hole transfer and giving agent, 



and an electron transfer and giving agent. 

CONSTITUTION: In an organic electro-luminescence 
element furnishing a layer of an organic substance 
between a cathode and an anode, the layer of the organic 
substance is formed of a flubrescent substance, a 
positive hole transfer and giving agent, and an electron 
transfer and giving agent. 
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[57] ABSTRACT 

Disclosed is an electroluminescent element comprising 
an anode, a cathode and, disposed therebetween, an 
organic luminescent layer comprising a mixture of a 
-fluorescent luminescent agent, at least one hole moving 
and donating agent capable of moving holes and donat- 
ing the same to the luminescent agent and at least one 
electron moving and donating agent capable of moving 
electrons and donating the same to the luminescent 
agent. In the element, the components of the lumines- 
cent layer have specific oxidation potential and reduc- 
tion potential relationships. The element emits light in 
response to electrical signals. Trie element exhibits high 
luminescence efficiency and brightness even at low 
voltages, and it can efficiently be produced at low cost. 

35 Claims, 1 Drawing Sheet 
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these patents, a material having excellent electron in- 

ELECTROLUMINESCENT ELEMENT jecting and transporting properties as well as fluores- 
cence efficiency must be used as the luminescent layer. 

BACKGROUND OF THE INVENTION However, no material disclosed therein is satisfactory in 

, - , » - 1 * * * 5 the above-mentioned properties and efficiency. 

1L. Field of the l ™?* on eWtrolumines- Moreover, Japanese Patent Application Laid-Open 

The ^l^^^^^Z^SS^ Specification Nos. 61-37886/1986, 2-250292/1990, 
cent element. More particularly, the present invention is 2 % 6 o 6 /iogo and 3-790/1991 disclose the use as a 
concerned with an electroluminescent element compns- 2-291696/1990 and ww/wi aisciose tne use as a 
Thg an^node, a cathode and, disposed therebetween, an luminescent layer of a thin film of a mixture of a corn- 
organic luminescent layer comprising a mixture of a. 10 pound having fluorescence and having the capability of 
fluorescent luminescent agent, at least one hole moving hole transportation and a compound having the capabil- 
and donating agent capable of moving holes and donat- ity of electron transportation, and [also disclose the use, 
ing the same to the luminescent agent and at least one as a luminescent layer, of a thin film of a mixture of a 
electron moving and donating agent capable of moving . compound having the capability of hole transportation 
electrons and donating the same to the luminescent 15 and a compound having fluorescence and having the 
agent. In the element, the components' of the lumines- capability of electron transportation. That is, in the 
cent layer have specific oxidation potential and reduc- electroluminescent elements of these patent documents, 
tion potential relationships therebetween. The element a single compound serves to accomplish both the trans- 
emits light in response to electrical signals. portation of holes or electrons and light emission. How- 

The electroluminescent element of the present inven- 20 ever, any compound disclosed therein cannot satisfacto- 
tion exhibits high luminescence efficiency and bright- nry perform both of the transportation of holes or elec- 
ness, even at low voltages, and it can efficiently be trons and the light emission at high efficiency. Accord- 
produced at low cost. - ingly, these conventional electroluminescent elements 

2. Discussion of: Related Art exhibit unsatisfactory brightness and power consump- 

Electroluminescent elements or devices are known, 25 t . Qn 
each of which comprises opposite electrodes and, dis- Further, U.S. Pat. No. 4,769,292 discloses an electro- 
posed therebetween, an organic luminescent (light emit- luminescent element comprising in sequence an anode, 
ting) layer. Electrons are injected from one of the oppo- an or g an j c h 0 j e injecting and transporting layer, a lumi- 
site electrodes, while holes are injected from the other nescent i ayer an d a cathode, in which the luminescent 
of the opposite electrodes. When the injected electrons 30 ]ayer is formed of a ^in fy m comprised of an organic 
are recombined with the injected holes in the organic host material f orm j ng a i ayer capable of sustaining both 
luminescent layer, light is emitted. In such an electrolu-. ho]e and e]ectron injection ^ a sma ii proportion of a 
minescent element, single crystalline anthracene and fluortscent material. However, no material disclosed 
other single crystalline materials have been emp oyed as ^ satisfactory for performing injection of both 
an organic luminescent material f^^^f.™ 35 the holes and electrons with high efficiency. Moreover, 
luminescent layer. The employment of single crysta line ^ omtion of holes and electrons t0 lumines . 
materials is however disadvantageous from the view- (fluorescent material)i which is another 
point of manufactunng cost and step which is very important for obtaining high lumi- 
Further, single crystalline materials »^My>w £ . ^ an ^ brightness in the e lectrolumi- 
drawbacks in that a layer having wejmly sm 1 40 ^ satisfactorily be accomplished 

* t r teri r ] described r rein ; There ^ T dis - 

mm an 5S/Slugc as Ugh as 100 V or more is closed electroluminescent element is unsatisfactory in 

%? q ™X: requ^ed. Due to the above disadvantages respect of brightness and power consumption, 

and drawbacks, the single crystal materials have not yet 45 SUMMARY OF THE INVENTION 

h^pn nracticallv used in an electroluminescent element; . * 

AtteSave been made to form a film of anthra- I" the current situation as described above, the pres- 

ce^ or the lSe Lving a thickness as small as 1 jim or ent inventors have conducted extensive and intensive 

less by vapor deposifion techniques (see Thin Solid studies with a view toward developing an electrolumi- 

FilU vol 94,^171, 1982): For a film to. have de- 50 nescent element free from th« = above-m^ttoned draw- 

Performance!, it is requisi te that a thin film of only backs of the prior art and capable of exhibiting excd en 

everaTtho™d Angstrom or so in thickness be pre- luminescence efficiency and brightness. As a result, it 

pared under strictly controlled . film-forming conditions. has unexpectedly been found that such a desired dec 

However" should be noted that even if a luminescent troluminescent element can be obtained by employing 

Syerfeformed of such a thin film, the densities of holes 55. an organic luminescent layer comprised of a mixture of 

SeSrons as carriers are so low in the layer that the a fluorescent uminescent agent, a hole, movmg and 

transportation and recombination of the carries cannot donating age* capable of movmg holes and donating 

be satisfactorily accomplished, thereby causing efficient the same to the fluorescent agent and an electron mov- 

lieht emission to be unattainable. Especially, no satisfac- ing and donating agent capable of movmg electrons and 

torv power consumption and brightness have been at- 60 donating the same to the fluorescent agent wherein the 

tained by only the use of such a thin film. components of the luminescent layer are chosen so as to 

U S Pat Nos 4 356,429. 4,539,507 (corresponding to have specific oxidation potential and reduction poten- 

EP-A-120673) and 4,720,432 (corresponding to EP-A- tial relationships therebetween. On the basis of this 

278,758) disclose electroluminescent elements in which unexpected finding, the present invention has been com- 

a hole injecting layer is disposed between an anode and 65 pleted. , 

a luminescent layer in order to increase the density of Accordingly, it is an object of the present invention 

holes as carriers and hence to obtain improved lumines- to provide a novel electroluminescent element exhibit- 

cence efficiency. In the electroluminescent elements of ing excellent luminescence efficiency and brightness 
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even at low voltage and low current density, which can cannot be effectively transported to the luminescence 
efficiently be produced at low cost. center and in the case of the. use of a hole-transporting 

The foregoing and other objects, features and advah- luminescent layer, electrons cannot be effectively trans- 
tages of the present invention will be apparent from the ported to the luminescence center. By contrast, in the 
following detailed description and appended claims 5. present invention, an electroluminescent element hav- 
taken in connection with the accompanying drawings. "fog excellent luminescence efficiency and brightness is 

BRIEF DESCRIPTION OF THE DRAWINGS : obtained by the use of an organic luminescent layer 

comprising a mixture of a luminescent agent, a hole 

In the accompanying drawings: moving and donating agent and an electron moving and 

FIG. 1. is a diagrammatic view illustrating one form 10 donatin ^ fcasbn fQr ^ ^^.^ not yet 

of a dipping coating apparatus for use m the preparatton clucidate d. However, the following presumption 

of an electroluminescent element according to the ores- fc tra ^ mtk)n # electrons and 

"{^^"^^^^ lan view showing the holes to theluminescencc : center b acWeved by a mix- 

arangement of nine cathodes for preparing an electrolu- 15: ture of a hole moving and donating agent t and an elec- 

miriescent element assembly containing nine electrolu- tron moving and donating agent, while, effective lumi- 

minescent elements as prepared in Example 66 de- nescence on the luminescence- center is achieved by an 

scribed later. appropriately chosen luminescent agent having high 

fluorescence efficiency.. 

DETAILED DESCRIPTION OF THE 20 . Th e terminology "hole moving and donating agent" 

INVENTION used herein means a material which is capable of mov- 

In one and principal aspect of the present invention, ing the holes injected from an anode to a fluorescent 

there is provided an electroluminescent element com- luminescent agent forming a luminescence center, 

prising: where the holes are donated to the fluorescent lumlnes- 

an anode for injecting holes, a cathode for injecting 25 cent agent. The compound for use as the hole moving 

electrons and, disposed therebetween, an organic lumi- am j donating agent, has a first oxidation potential, as 

nescent layer, at least one of the anode and cathode measured with respect to a solution of the compound in 

being transparent, . a solvent therefor, which is not limited but generally 

the organic luminescent layer comprising a mixture ]ess nob]e as CC)mpared to +2 .0G V. Further, this com- 

of at least one fluorescent luminescent agent, at least 30 pQund exhibits : a hole mobility of at least lXl(>-"> 

one hole moving and donating agent capable of moving cm 2/v. S ec at a field strength of 1 X 10* V/cm. The.hole 

the holes injected from ^^^^^J^. mobility of the hole mo ving and- donating agent can be 
holes to the : luminescent agent, and at l^ d^ accordin t0 'fc-.a*^**^^ 

moving and donating agent capable of moving the elec- . 1xTj\ ■ -v j • t ■• \ i m. *-> 

• • j r 7u « n „A j rt „,t;««T tv.A *w lit method (TOF method) (described in J. Appl Phys., 43, 

the luminescent agent having a first oxidation poten- Elther low molecular weight compounds or high 

tial which is equal to or less noble relative to that exhib- ! molecular weight polymers can be employed as the hole 

ited by the hole moving and donating agent, moving and donating agent. 

the luminescent agent having a first reduction pbten- 40 Preferred examples, of low molecular weight com- 

tial which is equal to or noble relative to that exhibited pounds include an anthracene compound, such as 2, 6, 

by the electron moving and donating agent, 9, 10-tetraisopropoxyanthracene; ah oxadiazole com- 

the first oxidation potential of the respective agent pound, such as 2' t 5-bis(4-diethylaminophenyI)-l, 3, 4- 

and the first reduction potential of the respective agent oxadiazole; a triphenyl amine compound, such . as N, 

being measured by cyclic voltammetry with respect to 45 N'-diphenyl-N, N'-di (3-methylphenyi>l, T-biphenyl-4, 

a solution of the respective agent in a solvent for the 4-diamine; an aromatic tertiary amine. compound, such 

agent. as N-phenyl carbazole; N-isopropyl-carbazole and com- 

Hereinbelow, the present invention will be described pounds described as being suitable as. a hole transport- 
in greater detail. ing layer in Japanese Patent Application Laid-Open 

To attain excellent luminescence efficiency and 50 Specification No. 63-264692; a pyrazoline compound, 
brightness in an organic electroluminescent element, it such as i. p henyl-3-(p-diethylaminostyryI)-5-(p-die- 
is requisite that.both holes and electrons be injected at a thylaminophenyl)-2-pyrazoline; a styryl : compound, 
high efficiency from the electrodes* that both holes and ^ M 9.(p. d i e thylaminostyryI)anthracene; a hydra- 
electrons be moved-to a luminescence center where zone c und such ^ p^iethylminbbenzaldehyde- 
they are recombined, and that ^.7^^^ 55 (diphenylhydrazone); a triphenylmethahe : compound, 
effected at a higl i luminescence £ «■ bis(«ta^^^ 
nescence center. Major conventional means for meeting \ . / 

E^ta resided in disposing a hole . T a^methoxy- 

injeting and transporting layer between an anode and a PhenylH-N, N-diphenylamino ( ^me^oxy^ulbeiie; an 

luminescent layer comprised of a luminescent agent 60 enan™^ 

having the ability to move electrons injected from a N > N '( 4 * 4 -dimethoxyphenyl)enamine; a metal- or a 

cathode, or disposing an electron, injecting and trans- non-metalphthalocyamrie compound; and a porphyrin 

porting layer between a cathode and a luminescent compound. 

layer comprised of a luminescent agent having the abil- Examples of polymers for use as the hole moving and 

ity to move holes injected from an anode, so as to form 65 donating agent include polymers having amain chain or 

a structure comprised of functionally different layers. . a side chain containing a low molecular weight com- 

This prior art has a drawback in that in the case of the * pound as a hole moving and donating agent. Represen- 

use of an electron-transporting luminescent layer, holes tative examples of such polymers are as.follows: 
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(7) 



(2) 10 



wherein Y 1 and B 1 are as defined above, 

N 



15 



(3) 



20 



25 



(4) 



30 



35 



wherein A 1 represents a hydrogen atom or an alkyl 
group having 1 to 8 carbon atoms, A 2 represents an 
aromatic residue, x and n are an integer of from 0 to 6 
and an integer of 3 or more, respectively. 40 

Examples of aromatic residues represented by A 2 are 
as follows: 




(5) 



45 



50 



wherein Y 1 represents a hydrogen atom, a bromine 
atom, or a chlorine atom, 



55 




(6) 



60 



65 



wherein Y 1 is as defined above, and B 1 represents a 
phenyl group/an isopropyl group, or an ethyl group, 



I 




N N 
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(10) 
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(14) 



(15) 
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-continued 




(16) 



wherein B 2 is an alkyl group having 1 to 6 carbon atoms, 



(17) 



10 



15 




20 



(18) 



wherein B 2 is an alkyl group having 1 to 6 carbon atoms, 



(19) 




Specific examples of such polymers used as the hole 55 
moving and donating agent include po)y(N-vinylcar- 
bazole), poly(3,6-dibromo-N-vinylcarbazo!e), poly(4- 
diphenylaminophenylmethyl methacrylate), a polyester 
produced from 2 ,6-di met hoxy-9,10*dih yd roxy anthra- 
cene and a dicarboxylic acid chloride, a condensation 60 
polymer produced from 3,3'-diaminobenzidine . and 
3,3' f 4,4'-benzophenonetetracarboxylic acid dianhy- : 
dride, a condensation polymer produced from a tri- ' 
phenylamine compound and a dicarboxylic acid chlo- 
ride, and polysilylenes, such as poIy(phenylmethylsily- 
lene) and poly(diphenylsilylene). 

These hole moving and donating agents can be used 
individually or in combination. 
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The terminology "electron moving and donating 
agent" used herein means a material which is capable of 
moving electrons injected from a cathode to a fluores- 
cent luminescent agent as a luminescence center, where 
the electrons are donated to the fluorescent luminescent 
agent. 

The electron moving and donating agent exhibits a 
first reduction potential, as measured with respect to a 
solution of the agent in a solvent therefor, which is not 
limited but generally noble as compared to —2.50 V, 
preferably —2.00 V. This nobility pf the first reduction 
potential is preferred from the viewpoint of lowering of 
electron-injection barrier to thereby attain an improved 
luminescence. 

Either low molecular weight compounds or high 
molecular weight polymers can be employed as the 
electron moving and donating agent. Preferred exam- 
ples of low molecular weight compounds include vari- 
ous dyes and pigments, such as a . triphenylmethane 
having an amino group or a derivative thereof, a xan- 
thene, an acridine, an azine, a thiazine, a thiazole, an 
oxazine, and an azo; an indanthrene dye, such as flavan- 
throne; a perinone pigment; a perylene pigment; a cya- 
nine color; an electron acceptor, such as 2,4,7-trinitro- 
fluorenone, tetracyanoquinpdirhethane and tetracyano- 
ethylene; a metal or non-metal phthalocyanine having 
an electron attracting substituent attached to the ring; ai 
porphyrin having a.pyridyl group, a quinolyl group or 
a quinoxaryl group, attached to the ring; metal com- 
plexes of 8-hydroxyquinolines; diarylbutadienes, such as 
1 ,4-diphenyIbutadiene and 1, 1 ,4,4-tetraphenylbutadi- 
ene; stilbenes, such as 4,4'-bis[5,7-di(tert-pentyl)-2-ben- 
zoxazolyl)stilbene, 4,4'-bis(5-methyl-2-benzoxazolyl)- 
stilbene, and trans-stilbene; thiophenes, such as 2,5- 
bis[5,7-di-(tert-pentyl)-2-benzoxazoiyl]thiophene, and 
*2,5-bis[5-(a,a-dimethylbenzyI>2-benzoxanoly3]-thio- 
phene, . and 2,5-bis[5,7-di(tert^pentyl)-2-behzoxazolyl]- 
3,4rdiphenylthiophene; benzothiazoles*; such as 2,2'- 
(l,4-phenylenedivinyIene)bisbenzothiazole and 2(p- 
40 dimethylaminostyryl)benzothiazol; and styryl com- 
pounds, such as l,4-bis(2-methylstyryl)benzene, 2-(p- 
dimethylaminostyryl)benzoxazole, 2-(p-dime- 
thylaminostyryl)quinoline, 4(p-dimethyIaminostyryl)- 
quinoline, 2-(p-dimethylaminostyryl)-3,3'-dimethyl-3H- 
indole and 2-(p-dimethylaminostyryl)naphtho[l,2- 
djthiazole. 

Other preferred examples of low molecular weight 
compounds include condensed polycyclic, aromatic 
compounds, such as anthracene, tetracene, pentacene, 
pyrene, chrysene, perylene, coronene, 3,4-benzofluo- 
ranthene, 1,2-benzanthracene, 2i3-benzofluorene, 1,12- . 
benzoperylene, . 3,4-benzopyrene, 4,5-benzopyrene, 
9,10-bis(4-methoxyphenyl)anthracene, l-chloro-9,30- 
diphehylamhracene, 9,10-diphenylanthracene, 9- 
phenylanthracene, 4,5-methylenephenanthrene, deca- 
cyclene, l,2:3,4-dibenzanthracene, l,2:5;6-dibenzan- 
thracene, periflanthene, 4,7-diphenyl-l,10-phenanthro- 
line, fluoranthene, 3-methylcholanthrene, rubrene, tri- 
phenylene, benzo[ghi]perylene and 4H-cyciopenta[def]- 
phenanthrene, and their derivatives having an alkyl 
substituent having 1 to 20 carbon atoms, and also in- 
clude aromatic, compounds, such as 1,3-diphenylisoben- 
zofuran, 1 f 2,3,4rtetrapheny 1- 1 ,3-cy clopentadiene and 
pentaphenylcyclopentadiene. 

Further examples of low molecular weight com- 
pounds for use as the electron moving and donating 
agent include an oxadiazole compound of formula (21), 
and oxazole compounds of formulae (22) and (23), 



25 
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— N 

X 



R2 



(21) 



(22) 



R 2 



alkyl group having 1 to. 19 atoms, or an alkoxy group 
having 1 to 19 carbon atoms. R 3 represents hydrogen or 
a straight chain or branched alkyl group having 1 to 8 
carbon atoms. 

Still further examples of low molecular weight com- 
pounds as the electron moving and donating agent in- 
clude vinylene compounds of formulae (24, (25) and 
(26): 



"J 



(23) 



10 



R 5 — CH=CH— R 6 
R 5 — CH=CH — R 7 



15 



20 



wherein each of R 1 and R 2 independently represents a 
phenyl group, a biphenyl group, a naphthyl group, an 
anthryl group, a phenanthrenyl group, a pyrenyl group, 
a pyridyl group, a pyrazolyl group, a quinolyl^roup, a 
thiazolyl group, a benzothiazolyl group, an oxadiazolyl 
group, an oxazolyl group, or a benzoxazolyl group, 
provided that these groups may be substituted with a 
hydroxy group, a cyano group, a halogen atom, an R 4 
group, an OR 4 group or an 

25 

OCR 4 group. 
II 
O 

R 4 employed above represents a straight chain or 
branched alkyl group having 1 to 19 carbon atoms, a 30 
cycloalky! group having 5 to 18 carbon atoms, an alke- 
nyl group having 2 to 4 carbon atoms, a dialkylamino 
group having 1 to 3 carbon atoms, a phenyl group, a 
biphenyl group, a naphthyl group, an anthryl group, a 
phenanthrenyl group, a pyrenyl group, a pyridyl group, 35 
a pyrazolyl group, a quinolyl group,. a thiazolyl group, 
a benzothiazolyl group; an oxadiazolyl group, an oxazo- 
lyl group or a benzoxazolyl group. These groups may 
have a substituent, such as a hydroxy group, a cyano 
group, a halogen atom, a straight chain or branched 40 
alkyl group having 1 to 19 carbon atoms, a cycloalky] 
group having 5 to 18 carbon atoms, an alkenyl group, 
having 2 to 4 carbon atoms, an alkoxy group having 1 to 
19 carbon atoms, an alkylcarbonylpxy group having 1 
to .19 carbon atoms, a cycloalkylcarbonyloxy group 45 
having 6 to 12 carbon atoms or an alkenylcarbonyloxy 
group having 2 to 4 carbon atoms. 

Furthermore, the R 4 group may have a substituent, 
such as a phenyl group, a biphenyl group, a naphthyl 
group, an anthryl group, a phenanthrenyl group, a pyre- 50 
hyl group, a pyridyl group, a pyrazolyl group, a quino- 
lyl group, a thiazolyl group, a benzothiazolyl group, an 
oxathiazolyl goup, an oxazolyl group or a benzoxazolyl 
group. 

These groups may have a substituent R. The substitu- 55 
ent R represents a hydroxy group, a cyano group, a 
halogen atom, a straight chain or branched alkyl group 
having 1 to 19 carbon atoms, a cycloalkyl group-having 
5 to 18 carbon atoms, an alkenyl group having 2 to 4 
carbon atoms, an alkoxy group having 1 to 19 carbon 60 
atoms, an alkylcarbonyloxy group having 1 to 19 car- 
bon atoms, a cycloalkylcarbonyloxy group having 6 to 
12 carbon atoms, or an alkenylcarbonyloxy group hav- 
ing 2 to 4 carbon atoms. 

Further, the substituent R represents a phenyl group, 65 
a biphenyl group or a naphtyl group. These groups may 
have a substituent, such as a hydroxy group, a cyano 
group, a halogen atom, a straight chain or branched 



(24) 
(25) 
(26) 



rs-ch=ch— ^^-ch=ch-r 7 

wherein each of R 5 and R 7 independently represents a 
group of the formula selected form the following for- 
mulae: 






v 



r= S 





V 



')- 



(27) 



(28) 



(29) 



(30) 



(31) 



(32) 
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-continued 
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wherein at least one hydrogen atom of each of these 
groups may.be substituted with a hydroxy group, a 
cyano group, a halogen atom, a straight chain or 
branched alkyl group having 1 to 8 carbon atoms, an • 
alkyloxy group having 1 to 8 carbon atoms or alkylcar- ^ 
bbnyloxy group having 1 to 8 carbon atoms, and Z 
represents O, S, Se, N— R 8 or C(R 8 )R 9 . Each of R 8 and 
R 9 independently represents a straight chain or . 
branched alkyl group having 1 to 8 carbon atoms. 

In formula (24), R 6 represents a phenyl group, a bi- 
phenyl group, a naphthyl group, an anthryr group, a 
phenanthrenyl group or a pyrenyl group. R 6 may have 
a substituent, such as a hydroxy group, a cyano group, 
a halogen atom, a straight chain or branched alkyl. 
group having 1 to 8 carbon atoms, an alkyloxy group 
having 1 to 8 carbon atoms, an alkylcarbonyloxy group 1 
having 1 to 19 carbon atoms, an alkenylcarbonyloxy 
group haying 2 to 4 carbon atoms, a cycloalkylcar- 
boriyloxy group having 6 to 12 carbon atoms, a cycloal- 
kyl group having 5 to 1 8 carbon atoms, a dialkylamino 
group having 1 to 6 carbon atoms, a diphenylamino 
group, ah oxazolyl group, or a thiazolyl group. Further- 
more, R 6 may have a substituent, such as a phenyl 
group, a phenoxy group, a naphthyl group, a naph- . 
thyloxy group, an anthryl group or an anthryloxy 
group. These groups may have a substituent such as a 60 
cyano group, a nitrd group, a halogen atdni, or a 
straight chain or branched alkyl group having 1 to 8 
carbon atoms. 

Representative examples of R 6 and R 7 include nuclei 
of benzothiazoles, such as benzothiazole, 5-methylben- 
zothiazole, 6-methylbenzothiazole, 5,6-dimethylbenzo- 
thiazole, 5-tert-butylbenzothiazole, 5-bromobenzo- 
thiazole, 5-phenylbenzothiazpIe, 4'-methoxy-5-phenyl- 



55 



65 



benzothiazole, 5-methoxybenzothiazole, 6-methoxyben- 
zothiazole, 5,6-dimethoxybenzothiazole, 5,6-dioxyme- 
thylenebenzpthiazole, 5-hydroxybenzothiazole, 6- 
hydroxybenzothiazol and dibenzo[e,g]benzothiazole. 

Other examples of R 5 and R 7 include . nuclei of naph- 
thothiazoles, such as naphtho[2,l-d]thiazole, naph- 
thoic -d] thiazole, 5rethylnaphtho[i;2.d]thiazole J 5- 
tie.rt-butylnaphtho[l,2-d]thiazole, 5rphenylnaphtho-[l t 2- 
dj thiazole, 5-methoxynaphtho[I,2-d] thiazole, 5-ethox- 
ynaphtho[ 1 ,2-d] thiazole, 5-chloronaphtho[ 1 ,2-d]- 
thiazole, 8-ethyInaphtho[2, 1 *d] thiazole, 7-ethylnaph- 
tho-[2*l-d]thiazole, 8-tert-butylriaphtho[2,l-d]thiazole, 
7-tert-butylnaphtho[2,l-d]thiazole, 8-methbxynaphtho- 
[2,l-d]thiazole t . 7-methoxynaphtho[2,l^d]thiazole, 8- 
phenylnaphthbp, 1 -djthiazole, 7-phenylnaphtho[2, 1-d]- 
thiazole, 8-chloro-naphtho[2,l-d]thiazole. and 7- 
chlorbnaphtho[2,l -djthiazole. Further examples of R 3 
and R 7 include nuclei of thionaphthene[7,6-d]thiazoles, 
such as 7-methoxythionaphlheno[7,6-d]thiazoIe, and 
nuclei of benzoxazoles, such as benzoxazole, 5-methyl- 
berizoxazole, 6-methylbenzoxazole, 5,6-diinethylben- 
zoxazole, 5-tertbutylbenzoxazole, 5-bromoberizoxazole, 
5-phenylbenzoxazole, 4,-methoxy-5-ptienylbenzox- 
azole, 5-methoxybenzoxazole, 6-methoxybenzoxazol, 
5,6-dimethoxybenzoxazole, 5,6-dioxymethyleneben20x- 
azole, 5-hydroxybenzoxazole, 6-hydroxybenzoxazole 
and dibenzo[e,g]benzoxazole. 

Still further examples of R 5 . and R 7 include nuclei of 
naphthoxazoles, such as naphtho[2,l-d]oxazole t naph- 
tho[l,2-d]oxazole, 5-ethylnaphtho[l,2-d]oxazole, 5-tert- 
butylnaphtho[l ,2-d]oxazole, 5-phenylnaphtho[ 1 ,2-d] 
oxazole, 5-methoxy-naphtho[l ,2-d]oxazole, S^ethox- 
ynaphtho-[l,2-d]oxazole, 5-chloronaphtho[l,2-d]ox- 
azole, 8-ethylnaphtho[2,l-d]oxazole, 7-ethylnaph- 
tho[2, 1 -djoxazole, 8-tert-butylnaphthp[2, M]oxazole, 

7- tertbutylnaphtho[2, l-d]oxazole, 8-methoxynaph- 
tho[2,l-d]oxazole, 7-methoxynaphtho[2j;i-d]oxazoIe, 

8- phenylnaphtho[2,l-d]rOxazole, 7-phenylhaphtho[2,l- 
djoxazole, 8-chlororiaphtho[2,l -djoxazole . and 7- 
chloronaphtho[2, 1 -djoxazole. 

Still further examples of R 5 and R 7 include nuclei of 
benzoselenazoles, . such as benzoselenazole, 5-methyl- 
benzoselenazole, 6-methylbenzoselenazble, 5,6-dime- 
thylbenzoselenazole, 5-tert-butylberizoselenazole, 5- 
bromobetizoselenazole, 5-phenylbenzoselenazole,. 4'- 
methoxy-5-phenylbenzoseleriazole, 5-methoxyben- 
zoselenaxole, 6-methoxybenzoselenazoIe, 5,6dimethox- 
ybenzoselenazole, 5,6-dioxymethyleneb^zbselenazole, 
5-hydroxybenzoselena^ple, 6-hydrqxybenzoselenazole 
and dibenzo[e,g]benzoseienazole. 

Still further examples of R 5 and R 7 include nuclei of 
naphthosejenazoles, such as naphtho[2,l-d]selenazole t 
haphtho[l ,2-d]selenazole, 5-ethylnaphtho[l ,2- 

djselenazole, 5-tert-butylnaphtho[l,2-d]selenazolei 5- 
pheriylnaphtho[l,2-d]seIehazole, 5-methoxynaph- 
tho[l,2-d]selenazole, 5-ethoxynaphtho[l,2-d]selenazoIe, 

5- chioronaphthop ,2-d]selenazole, 8-ethylnaphtho[2, 1 - 
djselenazole, 7-ethylnaphthp[2,l -djselenazole, 8-tert- 
butylnaphtho[2, 1 -djselenazole, 7-tert-butylnaphtho[2, 1- 
djselenazole, 8-methoxynaphtho[2, 1 rdjselenazole, 7- 
methpxy naphthqp, 1 djselenazole, 8rphenylnaphtho[2, 1 - 
d]selenazole, 7-phenyInaphtho[2, 1 -djselenazole, 8- 
chloronaphtho[2,l -djselenazole and 7-chlbronaph- 
tho[2,l -djselenazole. 

. Still further examples of R 5 and R 7 include nuclei of 
2-quinolines, such as 2-quinoline, 6-methyl T i-quinoIine, 

6- phenyl-2-quinoline, 6-chIoro-2-quinoIine, 6-methoxy- 
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2- quinoline ( 6-ethoxy-2-quinoline and 6-hydroxy-2- 
quinoline; nuclei of 4-quinolines, such as 4-quinoline, 
6-methoxy-4-quinoline, 7-methyl-4-quinoline, 7-phenyl- 
4-quinoline and 8-methy]-4-quinoline; ' nuclei of 1- 
isoquinolines, such as l-isoquinoline and.3,4-dihydroxy- 
1-isoquinoline; and nuclei of 3-isoquinolines, such as 

3- isoquinoline. 
Still further examples of R 5 and R 7 include nuclei of 

3,3-dialkylindolenines, such as 3,3-dimethylindolenine, 
3,3-dimethyl-5-chJoroindolenine, 3,3,5-trimethylindole- 10 
nine, 3,3,7-trimethylindolenine, 3,3-dimethyl-5- 
phenylindolenine, 3,3-dimethyl-benzo[e]indolenine, 3,3- 
dimethyl-behzo[g]indolenine and 3,3-dimethyl-diben- 
zo[e,g]indolenine. 

Still further examples of R 5 and R 7 include nuclei of 15 
pyridines, such as pyridine, 5-methylpyridine, 5-phenyl- 
pyridirie and 5-chloropyridine; nuclei of benzimida- 
zbles, such as l-ethyl-S^-dichlorobenzimidazole, 1- 
ethyl-5-chlorobenzimidazole, l-ethyl-5,6-dibromoben- 
zimidazole, l-ethyI-5-phenylbenzimidazole, l-ethyl*5- 20 
cyanobenzimidazole, I-ethyl(4,-ethyl>;5-phenylben- 
zimidazole, l-ethyl-5-acetylbenzimidazole, l-etHyl-5- 
ethoxycarbonylbenzoimidazole, l-ethy]benzo[e]ben- 
zimidazole, l-ethylbenzo[g]benzimidazole and 1-ethyl- 
dibenzo[e,g]benzimidazole. 25 

Polymers for use as the electron moving and donating 
agent may have a main chain or a side chain containing 



14 

a compound selected from the above-mentioned low 
molecular weight compounds for use as the electron 
moving and donating agent. For example, use is made of 
a polymer having a main chain or a side chain having a 
1,3,4-oxadiazole unit. 

Representee examples of polymers for use as the 
electron moving and donating agent include polyethers 
of formula (38), which is obtained from a dihalogen 
derivative of oxadiazole and a bisphenol compound, 



N N 

O 



(38) 



wherein each of X 1 and X 2 independently represents a 
phenylene group, a biphenylene group, a naphthylene 
group, an anthracenyJerie group, a phenanthrenylene 
group, a pyrenylene group or a pyridilene group. These 
groups may be substituted with a group,, such as acyano 
group, a halogen atom, a straight chain or branched 
alkyl group having 1 to 8 carbon atoms and analkyloxy 
group having 1 to 8 carbon atoms, Y represents an 
aromatic group or an alkylene group having 1 to 20 
carbon atoms, and n is an integer of 3 or more. 
Representative examples of the aromatic group Y are: 



(39) 



O 



(40) 



(41) 



(42) 



CH 3 



(43) 



CH 3 CH 3 



(44) 




CH 2 CH 2 
CH 3 CH 3 



(45) 




CH2 ^CH 2 
CH 2 



(46) 



> 1 (CH 2 ) n > ' 



(47) 



(48) 
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. (65) 



OGH 3 




CH 3 



CH 3 





CHj 



(67) 



(69) 



an 



(73) 



(75) 



(77) 



(81) 
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(79) . CI 



-so 2 - 




(82) 
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(83) q 
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COOC4H9 






(85) 



(87) 




(88) 



(95) 



(97) 



Other examples of polymers for use as the electron 
moving and donating agent include polyesters of forma- 
lae (98) and (99): 



CH 3 



CHj 





CONH(CH 2 )6NHCO^^^— 




Nr 



-continued 

-N 



(98) 



-f-O— X 1 — fi^ Jl— X 2 — OOC— Y— COfc 
O 



-T-OC-X 1 — 1^ Coio-Y-^-Ofc 
O 



(84) 



(86) 



(90) 



(92) 



(94) 



(96) 



(99) 



wherein X 1 , X 2 , Y and n are as defined above. 

Further examples of polymers include polycarbon- 
ates of formula (100): 



21 
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N — 



(100) 



OOCfe 



wherein X 1 , X 2 arid n are as defined above. 

Still further examples of polymers include polyam- 
ides of formulae (101) and (102): 



10 



(101) 



+0O 



CONH— Y— NHfr 



15 



N N 

-f-HN-X 1 —^ jLx 2 — NHOC— Y—COtT 
O 



(102) 



20 



wherein X 1 , X 2 » Y and n are as defined above, and poly- 
urethanes obtained from a bisphenol derivative of oxa- 
diazole and a diisocyanate compound. 

These polymers can be prepared according to the 
conventional condensation polymerization method. 
The prepared polymers may be purified by reprecipita- 
tion or the like before use. 

Examples of polymers having a side chain having an 
oxadiazole unit include an ethylene polymer having a 
side chain having an oxadiazole unit, represented by 
formula (103) 



25 



-continued 

A 3 

I 

•f-CHj-C^ 

c=o 

I 

(CH2), 
A 4 

A 3 
I 

f CH 2 -C^ 

O 
I 

(CH2)x 
A4 

A 3 
I 

-<-CH 2 -C^ 

c=o 

I 

o 

I 

(CHj), 
A 4 



(105) 



(106) 



(107) 
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•irCHz— CH-fc . N N 

CQO-X 1 — l!^ J—X* 



(103) 35 



wherein R 10 represents an alkyl group having 1 to 3 
carbon atoms, X 1 is as defined above, X 3 represents a 
phenyl groups a biphenyl group, a naphthyl group, an 
anthraceny) group, a phenanthrenyl group, a pyrenyl 
group or a pyridyl group, provided that these groups 
may have a substituent, such as a cyano group, a halo- 
gen atom, a straight chain or branched alkyl group 
having I to 8 carbon atoms or an alkyloxy group having 
1 to 8 carbon atoms. 

These polymers can be prepared by polymerizing an 
ethylene monomer having an oxadiazole unit in the side 
chain thereof, or by reacting an oxadiazole compound 
with an ethylene polymer. 

Still further examples of polymers for use as the elec- 
tron moving and donating agent include polymers hav- 
ing a side chain having a condensed polycyclic aromatic 
residue, represented by the formula selected from the 
following formulae: 



40 



45 
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wherein A 3 represents a hydrogen atom or ah alkyl 
group having 1 to 8 carbon atoms, A 4 represents an 
aromatic residue, x is an integer of from 0 to 6, and n is 
an integer of 3 or more. 

Representative examples of aromatic residues repre- 
sented by A 4 are: 

(108) 



(109) 



(HO) 



A 3 
I 

(CH 2 ), 



(104) 
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The above electron moving and donating agents may 
be used individually or in combination. 
The fluorescent materials for use as the fluorescent 



Patent Application 

2- 255789. 

Other examples of low molecular weight fluorescent 
materials include fluorescent coumarih dyes, such as 
5 7-hydroxy-4-methylcoumarin, 7-diethylamino-4- 
methylcoumarin, 7^iiraethylannnocyclbpenta[c- 
jcoumarin, l t 2A5,OH,6H,10H-tetrahya>p-8*methyl[l- 
jbenzopyi^op^aJ-gh^uinolizm-lO^ne, 7 r aroino-4- 
trifluoromethylcoumarin,. l,2,4,5,3H,6H,10H-tetrahy- 
(1J4) 10 dr^^yanotljbenzopyi^op^i-ghlquinolizin- 

lp-one ( UA5,3H,6H f lpH-tetrahydro-9carbc^t.to^ 
y[l]benzopyrano[9,9aj-gh]quinolim-i0-one, 7- 
ethylanuncH6-methyJ^trifluoromethylcounurai, 
l,2 ( 4 ( 5,3H;6H,10H-tetrahydro-9^bethoxy[lJbeii- 
15 zopyranoI9,9al-gh]quinolizin-10rone, 7Hdiethylamino- 

3- (l-methylben2imidazolyl)coumarin f , 7-dime- 
thylammo^trifluoromethylcoumarin, 
l f 2A5 f 3H,6HJOH^tetrahydro-9^boxy[l]ben- 
zopyrano[9,9fl, l-gh]quinolizm-10rOrie, 

20 l f 2 l 4 l 5,3H,6H^10H-tetrahydro-9-acetylil]ben- 

zopyrano[9,9a,l-gh]qumolizin-I0-one, 3(2-ben- 
zimidazolyI)-7-N, N-diethylaminocoumarin, 1,2,4,5,- 
3H,6H, 1 0H-tetrahydro-8-trifluoromethyi [ l]ben- 
zopyranop,9flJ-gh]quinolizin-10K>ne, 3-(2-benzo- 
25 thiazolyl>7-aiethylaminocoiimarin, 7-diethylamino-4- 
trifluoromethylcDumarin, 2,3,6,7,-tetrahydro-9-(tri- 
fluoromethyO-lH^HvllH-tlJbenzopyranotej^- 
ij]quinolizin-ll-one, 7-amino4-methylcoumarin and 
4,6-dimethyl-7-etylaminocoumarin. 

Further examples of low molecular weight fluores- 
cent materials include xanthene dyes, for example, Rho- 
damine dyes, such as Rhodamine B, Rhodamine 6G, 
Rhodamine 6G perchlorate, Rhodamine 19 perchlorate, 
Rhodamine 101 inner salt, Rhodamine 110, Rhodamine 
116 perchlorate, Rhodamine ; 123, Sulforhodamine B 
and Sulforhodamine 101, and fluorescein dyes, such as 
fluorescein and 2', 7 f rdichlorofluorescein. . 
Still further examples of preferred , low molecular 
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35 



, . . - , weight fluorescent materials include styryl pigments, 

luminescent agent in the present invention may be 40 such ^ 2.(p-dimethyIaminostyryl)qu^^ 
chosen from dyes for a dye laser, fluorescent brighten- thylaminostyryl)benzoxazoIe, 4T<p-dimethyfemiinos- 
ers and compounds capable of exhibiting fluorescence: tyryl)quino!ine, 2-0MlimethylaminostyryI)-6-ethox- 
upon ultra-violet radiation, as described in for example, yquinoline, 2-(p-dimethylaminostyryl)benzothiazole, 
"Laser Dyes" written by M. Maeda (Published by Aca- 2-(p-dimethylammostyryl^phtho[i f 2-d]oxazole, 2-(p- 
demic Press, 1984) and "Organic Luminescent Materi- 45 dimethylaminostyr>1)r3,3'Klimethyl-3H-ihdole, 2-(p- 

dimethylaminostyryOnaphthoIl^-dJthiazpie, 4- 
dicyanomethylene-6-(p^imethylaminostyh r l)-2-meth- 
yl-4H-pyran. 

Still further examples of preferred, low molecular 
50 weight fluorescent materials include pigments, such as 
those of polymethine type, oxazmetype, xanthene type 
and cyanine type; aromatic amines; aromatic imines; 
butadienes, such as l.M^tetraphenyl-l^-butadiene, 
3-(9-anthracenyl)-4^phenyl-l,3-butadiene arid l-(4- 



als" written by B. M. Krasovitskii and B. M. Bolotin 
(Published by VCH, 1988). 

Preferred examples of fluorescent materials with a 
low molecular weight include condensed polycyclic 
aromatic compounds, such as anthracene, pyrene, chry- 
sene, perylene, coronene, 3,4-benzofluoranthene, l,2r 
benzanthracene, 2,3-benzofluorene, 1,12-benzbpery- 
lene, 3,4-benzopyrene, 4,5-benzopyrene, 9-phenylan- 



thracene, 9,10-bis(4-methoxyphenyl)anthracene, 1- . 

chloro-9,i0-diphenylanthracene, 9,10-diphenylanthra- 55 qumolyl)-4-^.imethylaimn 

cene, 4,5-methylenephenanthrene, decacycleiie, 1,2:3,4- . acndines; stilbenes, such as 4,4 -bis(5 r methyl-2-benzox- 



azoly!)stilbene; benzofurahs, such as 1,3-isobenzofuran; 
compounds capable of exhibiting an excimer or exciplex 
fluorescence, such as 1,3-dipyrenylpropane, disclosed in 
60 Japanese Patent Application Laid-Open Specification 
No. 1-242879; benzoxadiazoles, such as 7-(p-methox- 
ybenzylamino)-4-nitrobenzbxadiazolej fluorescent 
brighteners, such as an oxazole compound, an oxadia- 
zole compound, a benzoimidazole compound and a 
ylene derivatives as disclosed in for example, Japanese 65 thiazole compound; a metal complex, a ruthenium corn- 
Patent Application Laid-Open Specification* No. - plex and a rare earth element complex of 8-hydrox, 
2-189890; 6-propionyl-2-dimethylaminonaphthalene; yquinolines and their derivatives; fluoresent metal and 
and naphthalene derivatives as disclosed in Japanese rare earth element complexes, as represented by euro- 



dibenzanthracene, l,2:5,6-dibenzanthracene, periflan 
thene, 4,7-diphenyl-l,10-phenanthroline, fluoranthene, 
3-methylcholanthrene, rubrene, triphenylene, benzo[g- 
hijperylene and 4H-cyclopenta[defjphenanthrene; aro- 
matic compounds, such as terphenyl, 1,3- 
diphenylisobenzofuran, 1 ,2,3,4-tetraphenyl- 1 ,3- 

cyclopentadiene and pentaphenylcyclopentadiene; per 
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pium complexes, of benzoyltrifluoroacetone, furoyltri- 
fluoroacetone and hexafluoroacetone; and a rare earth 
metal salt, such as terbium picolinate. Further, . those 
described as being useful fluorescent materials in Japa- 
nese Patent Application Laid-Open Specification No. 
63-264692 can also be employed; 

Examples of high molecular weight fluorescent mate- 
rials include polymers having, at its main chain, side 
chain or terminals, the above-mentioned low molecular 
weight fluorescent material. 

In the electroluminescent element of the present in- 
vention, the organic luminescent layer comprises a mix- 
ture of at least one fluorescent luminescent agent, at 
least one hole moving and donating agent and at least 



another component by appropriately choosing types of 
other component compounds to be combined there- 
with. For example, a fluorescent compound capable of 
moving electrons is used as the electron moving and 
5 donating agent in a certain combination of component 
compounds, and also used as the luminescent agent in 
another combination of component compounds. 

The first oxidation potential and the first reduction 
potential of each component compound with respect to 
10 a solution "thereof in a solvent for the component can be 
determined by the conventional cyclic voltammetry 
technique. Illustratively stated, the measurement of the 



first oxidation potential and the first reduction potential 
of each component compound is performed at 25* C. in 
one electron moving and donating agent. To attain a 15 a solution of the compound in a solvent for the corn- 
high luminescence efficiency, it is required to employ pound; for example, in an acetonitrile solution contain- 
an appropriate combination of these component agents. ing the compound at a concentration of lxlO~ 4 to 
When the combination of these component agents is not 1 X 10~ 6 mole/liter, using 0.1 mole/liter tetra-n- 
appropriate, it is likely that only faint luminescence butylammonium perchlorate as a supporting electro- 
results from the hole moving and donating agent and 20 lyte. A silver-silver chloride electrode is used as a refer- 
the electron moving and donating agent, or no lumines* ence electrode, a platinum electrode is used as an oppo- 
cence is obtained at all without the luminescence from site electrode, arid a glassy carbon electrode is used as a 



the luminescent agent. 



In the electroluminescent element of the present in- 
vention, luminescence is attained by the recombination, 
at the luminescent agent which serves as the hole^eiec- 
tron recombination center, of the holes having been 
moved and donated to the luminescence center by the 
action of the hole moving and donating agent with the 
electron having been moved and donated to the lumi 
nescence center by the action of the electron moving 
and donating agent. 

The present inventors have found that the lumines- 
cence from the luminescent agent is attained at high 
efficiency when the ionization potential of the fluores- 
cent luminescent agent is equal to or less noble relative 
to the ionization potential of the hole moving and do : 
nating agent and when the electron affinity of the fluo- 
rescent luminescent agent for electrons is equal to or 
noble relative to the electron affinity of the electron 
moving and donating agent for electrons. 

For efficiently moving holes, it is desired that the 
ionization potential of the hole moving and donating 
agent be equal to or less noble relative to the ionization 
potential of the electron moving and donating agent. On 
the other hand, for efficiently moving electrons, it is 
desired that the affinity of the electron moving and 
donating agent for electrons be equal to or noble rela- 
tive to the affinity of the hole moving and donating 
agent for electrons. When the above-mentioned rela- 
tionships are not satisfied, it is likely that the hole mov- 
ing and donating agent and the electron moving and 
donating agent act as traps for holes and electrons, 
respectively, thereby lowering the hole mobility and 
electron mobility. 

The ionization potential and electron affinity (affinity 
for electrons) of each component compound of the 
mixture of the hole moving and donating agent, the 
electron moving and donating agent and the lumines- 
cent agent can be, respectively, determined based on the 
first oxidation potential and first reduction potential of 
each component compound, as measured in a solution 
of the component for a solvent thereof. Using the first 
oxidation potential and the first reduction potential as 
criteria, the individual component compounds can be 
appropriately selected for combination, 
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Thus, a certain compound to be used as a component 
of the above-mentioned mixture, can also be used as 



working electrode. Using a potentiostat (HA-303 manu- 
factured and sold by HOKUTO DENKO LTD., Japan) 
and a function generator (HB-104 manufactured and 
sold by HOKUTO DENKO LTD., Japan), the work- 
ing electrode is subjected to potential sweeping in the 
above-mentioned solution at a sweep rate correspond- 
ing to a triangular wave of 10 mV-S -1 , thereby deter- 
30 mining a current-potential curve. In the operation, 
when a reduction potential is to be measured, the poten- 
tial sweep is conducted between a starting potential of 0 
V and a turning potential of —2.5 V, and when an oxi- 
dation potential is to be measured, the potential sweep is 
35 conducted between a starting potential of 0 V and a 
turning' potential of +2.5. Before the measurement, 
nitrogen gas is blown into the solution for 15 minutes so 
as to remove any oxygen dissolved therein. 
Op^ the potential-current curve obtained by the 
40 above-mentioned procedure, the potential (half wave 
potential) corresponding to a half of a peak exhibiting a 
maximum current is taken as an oxidation potential or a 
reduction potential (provided that when the current 
value at the potential at which the current starts to 
change drastically is not zero, the current value is sub- 
tracted from the peak current value). When the mea- 
surement is conducted with respect to a compound 
which cannot be dissolved in acetonitrile, other suitable 
solvents, such as dimethylformamide, dimethyl sulfox- 
ide or the like is used as a solvent instead of acetonitrile. 

In the selection of an appropriate combination of 
component compounds, for the luminescent layer, im- 
portant are not the absolute values of the oxidation 
potential and reduction potential of the compounds, but 
the relati ve values of the oxidation potential and reduc- 
tion potential of the compounds. Therefore, the method 
for measuring the oxidation potential and the reduction 
potential is not particularly limited as long as the indi- 
vidual component compounds to be used in combina- 
tion are measured with respect to the oxidation poten- 
tial and the reduction potention under the same condi- 
tions. 

There is no particular limitation with respect to the 
amounts of the luminescent agent, the hole moving and 
donating agent and the electron moving and donating 
agent in the luminescent layer. However, in general, the 
amount of the luminescent agent is preferably 0.01 to 20 
parts by weight, more preferably 0.01 to 10 parts by 
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weight, based on 100 parts by weight of the total of the 
hole moving and donating agent and the electron mov- 
ing and donating agent. The weight ratio of the electron 
moving and donating agent to. the hole moving "and 
donating agent is 95:5 to 5:95. When the amount of the 
luminescent agent is less than 0.01 part by weight, based 
on 100 parts by weight of the total of the hole moving 
- and donating agent and the electron moving and donat- 
ing agent, a high luminescence efficiency cannot be 
obtained due to too low a concentration thereof. Fur* 
ther, when the amount of the luminescent agent is mpre 
than 20 parts by weight, also, a high luminescence effi- 
ciency cannot be obtained due to concentration quench* 

In addition to the essential components, i.e., the lumi- 
nescent agent, the hole moving and donating agent and 
the electron moving and donating agent,, the lumines- 
cent layer may further optionally comprise a binder 
polymer when the luminescent layer is formed from a 
solution by a coating method. Examples of binder, poly- 
mers include solvent-soluble resins, such as polyvinyl 
chloride, a polycarbonate, polystyrene,, polymethyl 
methacrylate, polybutyl methacrylate, a polyester, a 
polysulfone, pplyphenylene oxide, polybutadiene, a 
hydrocarbon resin, a ketone resin, a phenoxy resin, a. 25 
polyamide, ethylcellulose, vinyl. acetate, ABS resin, and 
a polyurethane resin; and curable resins, such as a phe- 
nol resin, a xylene resin, a petroleum resin, a' urea resin, 
a melamine resin, an unsaturated polyester resin, an 
alkyd resin, an epoxy resin, and a silicone resin. 30 

When a binder polymer is used, the amount thereof is. 
preferably up to 1 part by weight per one part by 
weight of the total of a fluorescent luminescent agent, a ^ 
hole moving and donating agent and an electron mov- 
ing and donating agent. When the binder polymer is 35 
used in an amount of greater than 1 part by weight, the 
ability to move holes and electrons is lowered, thereby 
causing high luminescence efficiency to be unattainable. 
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The thickness of the organic luminescent layer 
generally in the range of from 50 A to I p.m. It is pre- 
ferred however that the thickness do not exceed 5000 
A. 

To form the electroluminescent element of the pres- 
ent invention, an organic layer as a luminescent layer is 
formed on an anode, and further a cathode is formed 
thereon, and vice versa. The luminescent layer may be 
formed by vapor deposition of component compounds, 
or alternatively may be formed by coating of a solution 
of component compounds containing a binder polymer 
if desired, followed by drying. When the luminescent 
layer is formed by coating of a solution, the coating may 
be performed by the conventional coating methods, 
such as a casting method, a blade coating method, a dip 
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portions of a brightening surface of an ele^olumines- 
cent element whose area is defined by the area of an 
anode or a cathode whichever is smaller, using a bright- 
ness meter having a measuring area of 0.1 mm in diame- 
ter. Second, an arithmetic mean of all measured values 
is calculated. Third, the; difference between the maxi- 
mum value and the arithmetic mean arid the difference 
between the minimum value and the arithmetic mean 
are calculated. The differences are "compared; and the 
percentage of- the larger difference to the arithmetic 
mean is calculated, which is : defined as the brightness 
dispersion. 

■ It is desired that, the organic luminescent layer of the 
element according to the present invention, irrespective 
of the preparation rnethod as described above, exhibit a 
photoelectric work function of from 5.0 to 6.0 eV, 
which work function is determined by means of a low 
energy electron spectrometer after formation of a lumi- 
nescent layer followed by processing, such as drying, if 
desired. The value, of the photoelectric work function is 
an index of the electron state . of the luminescent layer. If 
the value of the photoelectric work function changes as 
much as 0.2 eV or more when the luminescent layer is 
allowed to stand for one or more days after the forma- 
tion of the layer,, the number of non-luminescent points 
in the luminescent layer increases, leading to a lowering 
of the quality of the layer as a surface luminescent light 
source The presumed reason is that crystallization, 
phase separation and/or change of compounds occurs 
in the luminescent layer due to the lapse of time, 
thereby changing the electron state thereof. The mea- 
suring of the photoelectric work function is effective as 
a nondestructive testing means, at the time of manufac- 
turing. . 

The photoelectric work function of the luminescent 
layer is determined as follows. Excitation energy is 
applied to the layer, arid the energy is increased 6.05 eV 
from 4.40 eV to 6.2 eV, using a surface analyzer (AC-1; 
manufactured and sold, by Riken Keiki'Co., Ltd.) in an 
atmosphere of 25* C.-50% RH. The. number . of photoe- 
. lectrons at each energy level is measured. The root of 
the number of photoelectrons is set on a vertical" axis 
and the excitation energy is set on a horizontal axis of 
Cartesian coordinates. The work function is determined 
as an intercept of the straight line drawn according to 
the least square method with the horizontal axis. 

In the present invention, the anpde.is comprised of a 
transparent or an opaque conductive" material formed 
on an insulating support. When the cathode is opaque, 
the anode must be transparent. Preferred examples of 
conductive rnaterials include conductive oxides, such as 
tin oxide, indium oxide and indium tin oxide (ITO); 
metals, such as gold, silver and chromium; inorganic 
conductive materials, such as copper iodide and copper 



coating method, a spin coating m ethod, a spray coating 

method and a roll coating method.] E specially, when the^55 sulfide; and conductive polymers; such as polythio 

phene, polypyrrole and.polyanilihe. 



luminescent layer is formed by coating of a solution 
followed by drying, it is preferred that after coating on 
an electrode preferably disposed on a supporting body, 
leveling of the coated solution be performed in a solvent 
vapor at the time of drying, in order to obtain an ele- 60 
ment capable of uniform light emission. 

An electroluminescent element capable of uniform 
light emission which exhibits a statistical brightness 
dispersion (scattering of brightness values from their 
average) of 5% or less relative to the average brightness 65 
in a single element has excellent durability in continuous 
light emission. The brightness dispersion is determined 
as follows. First, brightness is measured on at least two 



Preferably used as a cathode in the present invention 
is a transparent, semitransparent or opaque electrode 
comprised of a metal, such as lithium, indium, silver, 
aluminum, lead, magnesium, copper, lanthanum, euro- 
pium and ytterbium, a rare earth element or a complex 
thereof. . 

In the electroluminescent element of the present in- 
vention, a hole injecting and transporting layer and/or 
a hole inhibiting layer may be provided in addition to 
the above-mentioned luminescent layer, 

The.hole injecting and transporting layer is provided 
between the anode and the luminescent layer so as to 
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facilitate the injection of holes from the anode, and 
further to transport the injected holes to the lumines- 
cent layer. The layer may be comprised of a compound 
used as the hole moving and donating agent or a P-type 
inorganic semiconductor, such as Si, Si i-xC* wherein x 
is 0.1 to 0.9, Cul and ZnTe each in an amorphous or a 
microcrystalline form. When the anode is transparent, it 
is preferred that the layer be permeable for light gener- 
ated in the luminescent layer. 

~~ The hole inhibiting layer is provided between the 
organic luminescent layer and the cathode, and inhibits 
passage of holes into the cathode to hold the holes 
within the organic luminescent layer, thereby permit- 
ting the holes to effectively contribute to luminescence 
An arbitrary electron transporting compound can be 
used in the formation of the hole inhibiting layer. How- 
ever, it is preferred that the first oxidation potential of 
the compound used as the hole inhibiting layer be equal 
to or noble relative to the First oxidation potential of the 
hole transporting and donating agent used in the lumi 
nescent layer, from the viewpoint of obtaining higher 
performances of the electroluminescent element. 
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Examples of electron transporting compounds to be 
used for formation of the hole inhibiting layer include 
all organic compounds and metal complexes which can 
be used as the electron moving and donating agent in 
the present invention, and further include n-type inor- 
ganic semiconductors, such as CdS, CdSe, CdTe, znO, 
ZnS, ZnSe ? ZnTe (n-type), Sii-jQr wherein x is 0.1 to 
0.9, monocrystalline silicon and amorphous silicon. 

The hole injecting and transporting layer and the 
hole inhibiting layer may be comprised of an appropri- 
ate compound per se or in the form of a dispersion of an 
appropriate compound in a binder resin. The layers may 
be formed by vapor deposition, spattering, or an elec- 
trolytic reaction, or may be formed by coating. The 
binder resin is selected from conventional polymers, 
such as a polycarbonate, polyvinyl chloride, polysty- 
rene, a polyester, a polysulfone, polyphenylene oxide, a 
polyurethane, an epoxy resin and polysilane. The 40 
amount of added binder resin is not particularly limited. 
However, it is generally up to 100 parts by weight per 

pa rt by weight of the compound. ^ 

Each of the hole injecting and transporting layer and 
the hole inhibiting layer does not necessarily consist of 
one layer, and two or more sub-layers may be laminated 
to constitute each of the layers. The thickness of each of 
the layers is preferably in the range of from 50 A to 1 
urn 



The electroluminescent element of the present inven- 
tion may be driven by a direct current power source. 
Alternatively, in order to ensure light emission at high 
brightness for a prolonged period of time, it may be 
driven by ah alternating current. With respect to . the 
waveform of the alternating current signal, not only 
sine waveform but also any arbitrary alternating current 
waveform, such as a rectangular waveform, a triangular 
waveform and waveforms obtained by combining or 
synthesizing them, can be employed in the present in- 
vention. 

The electroluminescent element of the present inven- 
tion finds applications in surface luminous light sources, 
such as a backlight of a liquid crystal display, an erasing 
light source for a copying machine, and a pilot lamp of 
a meter; various types of display devices, such as a flat 
panel display of a flat television and a display mounted 
on an automobile; and other general uses wherein con- 
ventional luminescent elements' are used, such as a di- 



rection indicator and a tail lamp for use in a bicycle, a 
watch dial light, a luminescent device of a toy, a surface 
luminescent light source for advertisement, and a night 
pilot lamp for road construction. 

5 PREFERRED EMBODIMENTS OF THE 
INVENTION 

The present invention will now be further illustrated 
in more detail with reference to the following Exam- 
10 pies, which should not be construed to be limiting the 
scope of the present invention. 

EXAMPLE 1 

ITO glass (manufactured and sold by HOYA Corp., 
15 Japan), which is a glass substrate prepared by forming 
an ITO film having a thickness of 1000 A on a glass 
plate of 100X 100X 1.1 mm in size, is subjected to ultra- 
. sonic washing in acetone, followed by air-drying, and 
• then washed with an ultraviolet washing apparatus 
20 [model PL- 10- 110; manufactured and sold by Sen Engi- 
neering Co., Ltd., Japan] for 5 .minutes. On the ITO 
glass, a luminescent layer is formed in a thickness of 
1000 A by dip coating of a 1 ,2-dichloroethane solution 
containing 1 part by weight of poly(N-vinylcarbazole) 
(hereinafter simply referred to as PVK, having a first 
oxidation potential of +1.06 V and a first reduction 
potential which is less noble as compared to —2.5; 
Luvican Ml 70 manufactured and sold by BASF A.G., 
Germany) as a hole moving and donating agent, 1 part 
by weight of 2-(4'-tert-butylphenyl)-5-(4"-biphenyl)-l,3, 
4-oxadiazole (hereinafter simply referred to as butyl- 
PBD; having a first oxidation potential of 4- 1.76 V and 
a first reduction potential of -2.04 V; manufactured and 
sold by Dojindo Laboratories, Japan) as an electron 
moving and. donating agent and 0.02 part by weight of 
3-(2 -benzimidazolyl)-7rN,N-diethyIaminocoumarin 
(hereinafter simply referred to as coumarin 7; having a 
first oxidation potential of +0.86 V and a first reduction 
potential of —2.01 V) as a fluorescent luminescent 
agent. 

Further, on the layer, metallic magnesium is vapor- 
deposited through a shadow mask in an area of 0.1 cm 2 
to from a cathode defining the area of the element. 
Direct current voltage is applied to the thus prepared 
element using ITO glass as an anode. As a result, green 
light is emitted. Brightness thereof is 200 cd/m 2 at 21 V 
and 10 mA/cm 2 . 

The hole mobility of poly(N-vinylcarbazole) at 
lXlO 5 V/cm is 1.3 X10- 7 cmW-sec, and the hole 
50 mobility of the luminescent layer is 7.0 X 10- 8 
cmW-sec. Further, the photoelectric work function of 
the luminescent layer is 5.66 eV. 
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COMPARATIVE EXAMPLE 1 

An element having a luminescent layer of 1000 A in 
thickness is prepared by dip coating a 1,2-dichloroe- 
thane solution containing 2 parts by weight of PVK and 

0. 02 parts by weight of coumarin 7 according to sub- 
stantially the same procedure as described in Example 

1, except that butyl-PBO as an electron moving and 
donating agent is not used. The prepared element needs 
at least a voltage of 40 V for flowing a current of 10 
mA/cm 2 , at which the brightness is only 20 cd/m 2 . 

COMPARATIVE EXAMPLE 2 

An element having a luminescent layer of .1000 A in 
thickness is prepared using a 1,2-dichloroethane solu- 
tion containing 1 part by weight of polyester resin (Vy- 
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Jon-200, manufactured and sold by Toyobo. Co., Ltd., 
Japan) as a binder polymer, I part by weight of butyl- 
PBD as an electron moving and donating agent and 0.02 
' part by weight of coumarin 7 as a fluorescent lumines- 
cent agent according to substantially the same proce- 
dure as described in Example 1, except that PVK as a 
hole moving and donating agent is not Used. In. the 
prepared element, an electric current can flow only at a 
current density of 1 mA/cm 2 even if a voltage of 38 V 
is applied, at which the brightness is only 2 cd/m 2 Ap- 
plying more voltage results in destruction of the ele- 
ment. 

As is apparent from the above results, high lumines- 
cence efficiency cannot be obtained by the use of a 
mixture consisting only of a hole moving' and donating 
agent and a fluorescent luminescent agent or a mixture 
consisting only of an electron moving and donating 
agent and a fluorescent luminescent agent. 

COMPARATIVE EXAMPLE 3 2Q 

An element is prepared according to substantially the 
same procedure as described in Example 1, except that 
0.02 part by weight of l,2,3,4,5,3H,6H,10H-tetrahydr6 T 
S-methylfljbenzopyrano-^.Sto, l-gh)quinolizin-10-ohe 
(coumarin 102) having a frrst oxidation potential of 25 
-f 0.65 V and a first reduction potential of —2.15 V is 
used as a fluorescent luminescent agent, instead of cou-: 
matin 7. The prepared element emits a blue light, the 
brightness of which is only 3 cd/m 2 at a voltage of 30 V 
and a current density of 10 mA/cm 2 . 



COMPARATIVE EXAMPLE 4 

An element is prepared according to substantially the 
same procedure as decribed in Example 1, except that 
0.02 part by weight of 7-amino-4-trifluoromethyl- 
coumarin (coumarin 151) having a first oxidation poten- 
tial of + 1.18 V and a first reduction potential of — 1.55 
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V is used as a fluorescent luminescent agent, instead of 
coumarin 7. The prepared element emits a blue light, 
the brightness of which is only 4 cd/m 2 at a voltage of 
20 V and a current density of 10 mA/cm 2 . 

As is apparent, from the above results, even if an 
element comprises a mixture of a hole moving and do- 
nating agent, a . fluorescent luminescent agent and an 
electron moving and donating agent, high luminescence 
efficiency cannot j>e obtained when the first reduction 
potential of the fluorescent lumneseent agent is less 
noble, relative to that of the electron moving and donat- 
ing agent, or when the first oxidation potential of the 
fluorescent luminescent agent is noble relative to that of 
the hole moving and donating agent; . 

EXAMPLES 2 TO 16 

• Various types of electron moving and . donating agents 

In the following Examples, elements are separately 
prepared according to substantially the same procedure 
as described in Example 1, except that j?oly(N-vinylcar- 
bazole) is used as a hole moving and donating agent, 
3-(2'-ben20thiazQlyl>:7-diethyianun6coumarin (couma- 
rin 6) haying a first oxidation potential of 0.95 V and a 
first reduction potential of — 1.67 V is used as a flouo- 
rescnt luminescent agent and each of the. compounds 
indicated below is individually used as an electron mov- 
ing and donating agent. The weight proportions of 
PVK: the electron moving and donating agent: couma- 
rin 6 are 90:10:1 in Examples 2 to 4, and 55:45:1 in Ex- 
amples 5 to 16. All of the elements emit a £reen light. 
The voltages required to drive the eleinents at a current 
density of 10 mA/cm 2 and the brightnesses at those 
voltages, as well as the oxidation and reduction poten- 
tials of the electron moving and donating agents and the 
photoelectric work functions of the. luminescent layers, 
are shown in Table K 



Example 2: perylene 

Example 3: fiuoramhene 

Example 4: benzo[ghi]perylene 

Example 5: 2,5-bis(l-napthyl)-l,3.4-oxadiazole 



Example 6: 

i " 

CHj— CH— CH 2 — CHj— O 




O— CH 2 — CH 2 -CH— CH 3 
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Example 8: CH3 

F2 4_ 0 _/Q' 



cf 2 - 
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Example 10: 



Example 11 



y~ CH=CH— ^^^-CH=CH— ^ 



Example 12: , — s 




OCH 3 
Se 




C3jl y~ cH==cH 
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Example 13: 



Example 14: 



Example 15: 




Example 16: 
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Example 17: l,4-bis[2-(5-phenyloxazolyI)3berizene 







TABLE 1 










TABLE J -continued 






Ex- 
ample 
Nos. 


1st 
oxidation 
potential 

(V) 


. 1st 
reduction 
potential 
(V) 


Photoelectric 
work 
function 
(eV) 


Voltage 
(V) 


Bright- . 

ness 
(cd/m-) 


Ex- 

65 ample 
Nos. 


1st 
oxidation 
potential 

(V) 


1st 
reduction 
potential 

(V) 


Photoelectric 
work 
function 
(eV) 


Voltage 
(V) 


Bright- 
ness 
(cd/m 2 ) 


2 
3 


+0.92 
+ 1-50 


-1.72 
-1.79 


5.57 
5.48 


17 
15 


180 
200 


4 

5 


+ 1.17 
+ 1.64 


-1.90 
-1.85 


5.52 
5.66 


16 
13 


190 
150 
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TABLE 2 



, 1st 1st 

Ex- oxidation reduction 

ample potential potential 
Nos. (V) (V) 



Photoelectric 
work 
function 
(eV) 



Voltage 



Bright- 
ness 
(cd/m 2 ) 



6 
7 
B 
9 
10 
11 
12 
13 
14 
15 
16 
17 



+ 1.60 
+ 1.50 
+ 1.44 
+ 1.66 
+ U7 
+ 1.12 
+ 1.02 
+ 1.64 
+ 1.27 
+ U2 
+ 1.10 
+ 1.40 



-1.85 
-1.85 
— 1.86 
-1.79 
-1.70 
-1.83 
-1.72 
-1.71 
-1.70 
-1.72 
-1.69 
-1.80 



5.66 
5.64 
5.65 
5.48 
5.46 
5.52 
5.68 
5.57 
5.48 
5.75 
5.85 
5.68 



18 
18 
14 
10 
13 
U 
13 
11 
12 
13 
15 
17 



230 
250 
210 
80 
52 
45 
46 
36 
80 
35 
65 
145 



Ex- 
ample 

Nos, 


1st 
oxidation 
potential 

(V) 


1st 
reduction 
potential 
(V) 


Photoelectric 
' work 
function 
(eV) 


Voltage 

(V). 


Bright' 
ness 
(cd/m 2 


18 


+0.65 


-1.87 


5.48 


18 


200 


19 


+0.75 




5.53 


18 


190 


20 


+0.52 




5.38 


IS 


170 


21 


+0.55 




5.79 


17 


75 
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EXAMPLE 22 



EXAMPLES 18 TO 21 

Luminescent layers each having a thickness of 1500 A 
are formed onto ITO glass, treated in the same manner 
as described in Example 1, by vacuum deposition, indi- 
vidually using the compounds indicated below as a hole 
moving and donating agent, 2,5-bis(l-napthyl)-l f 3,4- 
1 oxadiazole and 2,5-bis(2-naphthyl)-l,3,4-oxadiazo)e 
each having a first oxidation potential of + 1-64 V and a 
first reduction potential of — 1.85 V as electron moving 
and donating agents and 2-(p-dimerhylaminostyryl)- 
naphtho[l,2-d]thiazole (hereinafter referred to as "NK- 
1886") having a first oxidation potential of +0.51 V and 
a first reduction potential of —1.83 V as a fluorescent 
luminescent agent. The temperatures of the boats of the 
vacuum . deposition apparatus respectively containing 
the above-mentioned agents therein are regulated , at a 
vacuum of 3x 10- 6 Torr so that the weight proportions 
of the hole moving and donating agent: one of the elec- 
tron moving and donating agents: the other of the elec- 
tron moving and donating agents: the fluorescent lumi- 
nescent agent are 50:25:25:1. The respective elements 
are examined in the same manner as described in Exam- 
ple 1. All of these elements emit a green light. The 
voltage values required to drive the elements at a cur- 
rent density of 10 m A/cm 2 and the brightnesses thereat, 
as well as the oxidation and reduction potentials of the 
hole moving and donating agents and the photoelectric 
work functions of the luminescent layers, are shown in 
Table 2.. 

Example 18: N,N'-diphenyl-N t N'-di(3-methylphenyl)- 

1 , 1 '-biphen yl-4,4'-diamine 
Example • 19: a-(4-methoxyphenyl)-4-N,N- 

diphenylamino(4'-methoxy)stilbene 
Example 20; l-phenyl-3-(p-diethylaminostyryl>5-{p- 
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An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 1 except that 

15 a luminescent layer having a thickness of 1000 A is 
formed from a chloroform solution containing 1 part by 
weight of N-isopropylcarbazole (first oxidation poten- 
tial: + 1.06 V, . first reduction potential: less noble as 
compared to -2.5 V) as a hole moving and donating 

20. agent, 1 part by weight of a polyether (first oxidation 
potential ; +1.50 V, first reduction potential: - 1.85 V) 
obtained from = 2 > 5-bis(4 l 4'-diflupro-r-naphthyl> 1,3,4- 
oxadiazole and 2,2-bis(4-hydroxyp>he nyl)propane (bis- 
phenolA) as an electron moving and donating agent, 

25 and 0.02 part by weight of coumarin 6 as a luminescent 
agent.. The thus obtained element exhibits a green lumi- 
nescence having a brightness of 460 cd/m 2 at 12 V and 
10 mA/cm 2 . 

EXAMPLE 23 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 22 except that 
3 part by weight of a polyether (first oxidation potential: 
+ 1.50 V, first reduction potential: — 1.85 V) obtained 
35 from ..2,5-bis(4,4'-diflubro-l-naphthyl)-l,3 l 4-oxadia2ple 
and l t l-bis(4-hydrpxyphenyl)cyclohexane (bisphenol 
Z), is used as an electron moving and donating agent, 
and 0.02 part by weight of perylene is used as a lumines- 
cent agent. The thus obtained element exhibits a blue 
40 luminescence having a brightness of 300 cd/m 2 at 18 V 
and 40 mA/cm 2 . 

EXAMPLE 24 

An electroluminescent element is prepared in sub- 
45 stantially the same manner as in Example 22 lexcept that 
5 parts by weight of N,N'-diphenyl-N t N'-di(3-methyl- 
phenyO-l.T-biphenyM^'-diamine is used as a hole 
moving and donating agent, 95 parts by weight of a 
polyether (first oxidation potential: +1.78 V, first re- 
50 duction potential: — 1.98 V) represented by the formula 
(127): 




(127) 



is used as an electron moving and donating agent, and 5 
65 parts by weight of NK-1886 is used as a luminescent 
diethylaminophenyl)-2 i pyrazoline agent. The thus obtained element exhibits a green lumi- 

Example 21: p-diethylamino benzaldehyde diphenylhy- nescence having a brightness of 200 cd/m 2 at 16 V and 
drazone 12 mA/cm 2 . 
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EXAMPLE 25 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 22 except that 
1 part by weight of N-phenylcarbazole is used as a hole 5 
moving, and donating agent, 1 part by weight of a poly- 
ester (first oxidation potential: + 1.98 V, first reduction 
potential: -1.91 V) obtained from 4,4'-dihydroxy- 
diphenyloxadiazole derivative and decanedicarboxyl 
chloride and represented by the formula (12?): 10 



EXAMPLE 28 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 22 except that 
95 parts by weight of PVK is used as a hole moving and 
donating agent, 5 parts by weight of the polyether 
which is the same as used in Example 22 is used as an 
electron moving and donating agent, and 1 part by 
weight of coumarin 6 is used as a luminescent agent. 
The thus obtained element exhibits a green lumines- 



ce 



CH 3 




O 
II 



o-c-t-CH 2 ^nrc-c 



(128) . 



is used as an electron moving and donating agent, and 
0.01 part by weight of coumarin 6 is used as a lumines- 
cent agent. The thus obtained element exhibits a green 
luminescence having a brightness of 520 cd/m 2 at 13 V 
and 10 mA/cm 2 25 

EXAMPLE 26 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 22 except that 
1 part by weight of a polycarbonate (first oxidation 30 
potential: +1.96 V, first reduction potential: —1.90 V) 
represented by the formula (129): 



cence having a brightness of 260 cd/m 2 at 17 V and 15 
mA/cm 2 . 

EXAMPLE 29 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 22 except that 
1 part by weight of a polymer (first oxidation potential: 
+ L69 V, first reduction potential: —1.91 V) repre- 
sented by the formula (131): 

(Ul) 



(129) 



-HO. 



is used as an electron moving, and donating agent. The 
thus obtained element exhibits a green luminescence 
having a brightness of 550 cd/m 2 at 10 V and 10 
mA/cm 2 . 

EXAMPLE 27 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 22 except that 
1 part by weight of a polyamide (first oxidation poten- 
tial: + 1.71 V, first reduction potential: — 1.87 V) repre- 
sented by the formula (130): 



45 




is used as an electron moving and donating agent. The 
. thus obtained element exhibits a green luminescence 
50 having a brightness of 450 cd/m 2 at 12 V and 10 




(130) 



-C-NH-eCH 2 ^NH- 



is used as an electron moving and donating agent. The 65 
thus obtained element exhibits a green luminescence 
having a brightness of 200 cd/m 2 at 13 V and 10 
mA/cm 2 . 



mA/cm 2 . 



EXAMPLE 30 



An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 22 except that 
1 part by weight of 2,5-bis(4-diethylaminophenyl)- 1,3,4- 
oxadiazole (first oxidation potential: +0.75 V, first re- 
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duction potential: —1.58 V) is used as a hole moving 
and donating agent, and 0.02 part by weight of NK-1 886 
is used as a luminescent agent. The thus obtained ele- 
ment exhibits a green luminescence having a brightness 
of 300 cd/m 2 at 15 V and 80 mA/cm 2 . . 5 

EXAMPLE 31 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 30 except that 
a-C^methoxyphenylH-N.N^diphenylamino^'- 10 
methoxy)stiIbene is used as a hole moving and donating 
agent. The thus obtained element, exhibits a green lumi- 
nescence having a brightness of 46 cd/m 2 at 17 V and 10 
mA/cm 2 . 

EXAMPLE 32 15 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 30 except that 
9-(p-diethylaminostyryI)anthracene (first oxidation po- 
tential: -f 1.40 V, first reduction potential: —1.77 V) is 20 
used as a hole moving and donating agent. The thus 
obtained element exhibits a green luminescence having 
a brightness of 160 cd/m 2 at 18 V and 32 mA/cm 2 . 



EXAMPLE 33 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 22 except that 
1 part by weight of a polymer (first reduction potential: 
- 1.93 V) represented by the formula (132): 



25 



30 



+CH 2 -CH^ 



(132) 




is used as an electron moving and donating agent, and 
Rhodamine B (first oxidation potential: +1.00 V, first 
reduction potential: —1.19 V) is used as a luminescent 
agent. The thus obtained element exhibits a yellow 
luminescence having a brightness of 80 cd/m 2 at 13 V 
and 10 mA/cm 2 . 

EXAMPLE 34 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 22 except that 
22.5 parts by weight of N,N'-diphenyl-N,N'-di(3- 
methylphenyl)-l,r-bipheny]-4,4'-diaroine is used as a 
hole moving and donating agent, 22.5 parts by weight 
of 2,5-bis(l-naphthyl)-l,3,4-oxadiazole is used as an 
electron moving and donating agent, 5 parts by weight 
of NK-1886 is used as a luminescent agent and 50 parts 
by weight of a polyester resin (Vylon-200) is used as a 
binder polymer. The thus obtained element exhibits a 
green luminescence having a brightness of 30 cd/m 2 at 
22 V and 20 mA/cm 2 

EXAMPLE 35 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 22 except that 
a coating layer having a thickness of 500 A is formed 
from a toluene solution containing 35 parts by weight or 
N,N'-diphenyl-N,N'-di(3-methylphenyl)-l,l '-biphenyl- 



4,4'-diamine as a hole moving and donating agent, 35 
parts by weight of 2-(l-naphthyl)-5-phenyloxazoIe (first 
oxidation potential: +1.64 V, first reduction potential: 
— 1.85 V) as an electron moving and donating agent, 1 
part by weight of Rhodamine B as a luminescent agent 
and 30 parts by weight of a styrenated alkyd resin 
(Styresole 4250 manufactured arid sold by Dainippon 
Ink & Chemicals, Inc., Japan) as a binder polymer and 
that the coating layer is heated at 1(30* C. for 30 minutes 
to effect curing, thereby forming a luminescent layer. 
The thus obtained element exhibits a yellow lumines- 
cence having a brightness of 50 cd/m 2 at 16 V and 10 
mA/cm 2 . 

EXAMPLE 36 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 22 except that 
50 parts, by weight of p<>^y(4-diphehylaminophenyl- 
methyl methacrylate) (first oxidation potential: +0.68 
V, first reduction potential: .— 1.89.V)Js used as a hole 
moving and donating agent, 50 parts by weight of 1,4- 
bis[2-(4-methyl-5-phenyloxa2olyl)]benzene (first oxida- 
tion potential: + L21 V, first reduction potential: —1.86 
V) is used as an electron moving and donating agent, 
and 1 part by weight of NK-1 886 is used as a lumines- 
cent agent. The thus obtained element exhibits a green 
luminescence haying a brightness of 120 cd/m 2 at 23 V 
and 10 mA/cm 2 . 

EXAMPLES 37 THROUGH 46 

(Use of various luminescent agents) 
35 An electroluminescent element is prepared in sub- 
stantially the same manner as in. Example 1 except that 
55 parts by weight of PVK is used as a hole moving and 
donating agent, 45 parts by weight of 2,5-bis(l-naph- 
4Q thyl)-l,3,4-oxadiazole is used as an electron moving and 
donating agent, and 1 part by weight of each of the 
below-indicated compounds is individually used as a 
luminescent agent. - 
The voltage which is needed for flowing a current of 
45 10 mA/cm 2 through each element, and the brightness 
and color of the obtained luminescence, are. shown in 
Table 3, together with the oxidation potential and the 
reduction potential. 

Luminescent agents employed are as follows: 
Example 37: perylene 
Example 38: 7-diethylamino-4-trifluorpmethylcouma- 
rin. 

Example 39: l,2,4,5,3H,6H,10H-tetrahydro-9-cyano[l. 
55 Ibenzopyranop^, l-ghJquinolizin-10-one. 

Example 40: lA^S.SH^H.lOH-tetrahydro-S-tri- 
fluoromethyl[l]benzopyrano[9,9al-gh]quinoli2in- 

10-one. 

> 

Example 41: 7-diethylamino-3-(i-methylben- 
60 zimidazolyl)coumarin. 

Example 42: 2-(p-dimethylaminostyryl)naphtho[l,2- 
. d]thiazole. 

Example 43: 2-(p-dimethylaminostyryl)benzothiazole. 
65 Example 44: Rhodamine B 

Example 45: 4-dicyanomethylene-6-(p-dimethylaminos- 

tyryl)-2-methyl-4H-pyran. 
Example 46: Nile Red 



50 
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TABLE 5-continued 





1st 


1st 










oxidation 


reduction 








Ex. 


potential 


potential 


Voltage 


Brightness 


Color of 


Nps 


(V) 


CV) 


(V) 


(cd/m 2 ) 


Luminescence 


37. 


+0.92 


-1.72 


16 


140 


Blue 


38 


+ 1.04 


-1.67 


15 


96 


Blue 


39 


+0.89 


-1.49 


15 


160 


Bluish green 


40 


+0.81 


-1.59 


15 


110 


Bluish green 


41 


+0.87 


-1.72 


17 


60 


Bluish green 


42 


+0.52 


-1.85 


15 


80 


Green 


43 


+0.53 


-1.82 


15 . 


52 


Green 


44 


+ 1.00 


-1.80 


IS 


80 


Yellow 


45 


+0.7 


-1.28 


15 


84 


Orange 


46 


+0.76 


-1.89 


16 


64 


Red 



Ex. 
Nos 



Hole moving 
and donating 
agent (part 
by wt.) 



Electron 
moving and 

donating 
agent, (part 

by wt.) 



Voltage 
(V) 



Brightness 
(cd/m 2 ) 



22 



50 



50 



12 



460 



10 



15 



EXAMPLES 47 THROUGH 52 

(Use of various amounts of hole moving and donating 
agent and electron moving and donating agent) 

An electroluminescent element is prepared in sub- 20 
stantially the same manner as in Example 5 except that 
the amounts of the hole moving and donating agent and 
the electron moving and donating agent are varied as 
indicated in Table 4 below. The amount of the lumines- 
cent agent is 1 part by weight. Voltages which that the 25 
amounts of the hole moving and donating agent and the 
electron moving and donating agent are varied as indi- 
cated in Table 4 below. The amount of the luminescent 
agent is 1 part by weight. Voltages which are needed 
for flowing a current of 10 mA/cm 2 through the indi- 30 
vidual elements and the obtained brightness values are 
also shown in Table 4. 

TABLE 4 



Note: In Example 53, a current of 10 mA/cm 2 cannot be 
flowed. 

EXAMPLES 57 THROUGH 61 AND 
. COMPARATIVE EXAMPLE 5 

(Use of various amounts of luminescent agent) 
An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 2 except that 
the amount of the luminescent agent is varied as indi- 
cated in Table 6 below. Voltages which are needed for 
flowing a current of 10 mA/cm 2 through the individual 
elements are shown in Table 6. The obtained brightness 
values and luminescence colors are also shown in Table 

TABLE 6 



Ex. 

Nps 


Luminescent 
agent (part 
by wt.) 


Voltage 
(V) 


Brightness 
(cd/m 2 ) 


Color of 
luminescence 


Com p. 


0 


16 


2 


Blue 


Ex.5 










57 


0.01 


16 


50 


Bluish green 


58 


0.1 


17 


90 


Green 


2 


1 


17 


180 


Green 


59 


5 


17 


180 


Green 


60 * 


20 


19 


80 


Orangish green 


61 


30 


21 


3 


Orange 



Ex. 
Nos 


Hole moving 
and donating 
agent (part 
by u*t.) 


Electron 
moving and 

donating 
agent (part 

by wt.) 


Voltage 
(V) 


Brightness 
(cd/m 2 ) 


35 


47 


99 


1 


40 


20 




48 


95 


5 


16 


72 


40 


49 


92.5 


7.5 


14 


93 




50 


90 


10 


14 


112 




51 


85 


15 


15 


132 




52 


70 


30 


13 


180 




5 


55 


45 


13 


150 





EXAMPLES 53 THROUGH 56 

(Use of various amounts of hole moving and donating 
agent and electron moving and donating agent) 

An electroluminescent element is prepared in sub- 
stantially the same manner as in Example 22 except that 
the amounts of the hole moving and donating agent and 
the electron moving and donating agent are varied as 
indicated in Table 5 below. The amount of the lumines- 
cent agent is 2 parts by weight. Voltages which are 
needed for flowing a current of 10 mA/cm 2 through the 
individual elements and the obtained brightness values 
are also shown in Table 5. 

TABLE 5 



EX AMPLE 62 

An ITO glass is washed in the same manner as in 
Example 1. A coating film having a thickness of 400 A 
is formed on the glass by dip coating a toluene solution 
containing 50 parts by weight of l,l-(4,4'-diethoxy- 
phenyl)-N,N-(4,4'-dimethoxyphenyl)enamine and 50 
parts by weight of a styrenated alkyd resin (Styresole 
4250 manufactured and sold by Dainippon Ink & Chem- 
45 icals'Inc., Japan). Then, the film is heated at 100* C for 
30 minutes to effect curing, thereby obtaining a hole 
injecting and transporting layer. The same luminescent 
layer having a thickness of 1000 A as formed in Exam- 
ple 42, is formed on the above-obtained hole injecting 
50 and transporting layer by the spin coating method, and 
a cathode is formed in the same manner as in Example 
1. Thus, an electroluminescent element is prepared. A 
current of 10 mA/cm 2 is flowed at 12 V through this 
element and a green luminescence having a brightness 
55 of 85 cd/m 2 is exhibited. Due to the provision of the 
hole injecting and transporting layer, the voltage neces- 
sary for luminescence is reduced. 



EXAMPLE 63 



60 



Ex. 
Nos 


Hole moving 
and donating 
agent (part 
by wt.) 


Electron 
moving and 

donating 
agent (part 

by wt.) 


Voltage 
(V) 


Brightness 
(cd/m 2 ) 


53 


1 


99 






54 


5 


95 


16 


75 


55 


20 


80 


.14 


140 


56 


30 


. 70 


13 


300 



An ITO glass is washed in the same manner as in 
Example 1, and copper phthalocyanine (manufactured 
and sold by Toyo Ink Mfg. Co., Ltd., Japan) is vapor- 
deposited onto this. glass in a thickness of 300 A under a 
vacuum of 3X10-. 6 Torrs, thereby forming a hole in- 
65 jecting and transporting layer. On this layer, a lumines- 
cent layer of 500 A in thickness is formed in the same 
manner as in Example 62. Further, a tris(8-quiholinol) 
aluminum complex is vapor-deposited thereon in a 
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thickness of 300 A under a vacuum of 3X 10- 6 Torrs, mm/minute so as to take, the substrate out of dipping 
thereby forming a hole inhibiting layer, and then a cath- bath 6, and is immediately subjected to drying at 50° C 
ode is provided in the same manner as in Example 1. in a drying apparatus. Thus, a luminescent layer is 
Thus, an electroluminescent element is prepared. A formed on the substrate. 

current of 10 mA/cra 2 is flowed at 1 1 V through this . 5 9 Cathodes (A to I shown in FIG. 2) each having a 
element and a green luminescence having a brightness 1x1 mm size are formed on the luminescent layer by a 
of 130 cd/m 2 is exhibited. Due to the provision of the vapor deposition of metallic magnesium through a 
hole injecting and transporting layer and the holeinhib- . shadow mask.. Thus, the size of each of the obtained 
hmg layer, the luminescence efficiency is improved. .' elements is 1 X 1 rim. As shown in FIG. 2, cathodes A, 
YA 10 B and C are formed in alignment at intervals of 25 mm 

EXAMPLE 64 at a dj stance 0 f 25 tnm from the upper edge of the sub- 

A luminescent layer is formed from, the same com- strate. Cathodes D; E and F are formed in alignment at 
pounds as in Example 5, changing the amount of the intervals of 25 mm at a distance of 50 mm from the 
hole moving and donating agent to 40 parts by weight upper edge of the substrate. Cathodes G, H and I are 
and the amount of the electron moving and donating 15 formed in alignment at intervals of 25 mm at a distance 
agent to 60 parts by weight. Upon air drying.the formed of 75 mm from the upper edge of the substrate, 
layer for 1 hour, the layer exhibits a photoelectric work Then, a gold wire as a lead is connected to each elec- 
function of 5.72 eV, A cathode is then immediately trode (cathode); by means of a silver paste. Thus, an 
formed by vapor deposition, and then the obtained electroluminescent element assembly containing 9 ele- 
element is operated so as to exhibit a luminescence. The 20 trients (designated as A-l to 1-1, respectively) is pre- 
element exhibits a uniform luminescence without non- pared: When a direct current voltage of 17 V is applied 
luminescent portions. to each element usmg ITO portion 9 as an anode, a 

Separately, the luminescent layer is allowed to stand current of about. 0.1 mAis flowed though each element 
for 1 day after the formation thereof. As a result, the and each element exhibits a green luminescence, 
layer exhibits a photoelectric work function of 5.46 eV. 25 An attachment lens (ALr7, attached to the below- 
A cathode is then formed by vapor deposition and the mentioned meter BM-7)is attached to a color/lumi- 
element is operated so as to exhibit a luminescence. The nance meter BM-7 (manufactured and sold by TOP- 
element exhibits non-uniformity in the. luminescence CON CO., LTD., Japan) and the lens is focused on the 
intensity and has 5 non-luminescent portions each hay- luminescent surface of the element at a measurement 
ing a diameter of about 0.1 mm. 30 angle of 0. T and at a distance of 52 mm between the 

_ VAi .„ ■ lens and the luminescent surface (In this instance, the 

EXAMPLE 65 measuring area is 0.1 mm*). 

A sine wave voltage having an effective voltage of 20 With respect to the sites for measuring brightness for 
V and a frequency of 50 Hz is applied to the electrolu- the element of 1 mmX 1 rhm size, measurement is con- 
minescent element obtained in Example 5. As a result, 35 ducted at 9 points consisting of 3 points present at a 
the element exhibits a green luminescence having a distance of 0.25 mm from one side of the eleihent and at 
brightness of 300 cd/m 2 . After the element is coritinu- intervals of 0.25 mm, 3 points present at a distance of 0.5 
ously operated for 200 hours, the brightness is 276 mm. from the side and at intervals of 0.25 mm and 3 
cd/m 2 . On the other hand, when a direct current volt- points present at a distance of 0.75 mm from the side and 
age of 13 V is applied to the element of Example 5, the 40 at intervals of 0.25 mm. The results of the measurement 
brightness after a continuous operation for 200 hours is are shown in Table 7. 

23 cd/m 2 . An electroluminescent element assembly containing 

. nine elements (A-2 to 1-2) is prepared, arid the bright- 

tAAMrLr 00 nesses of the elements are measured in substantially the 

ITO glass (manufactured and sold by Hoya Corp., 45 same manner as described above, except that no solvent 
Japan), which is a glass substrate prepared o by forming is placed in solvent vessel 3, that after the glass substrate 
an ITO film having a thickness of 1000 A on a glass . is dipped in the coating solution to a position 10 mm 
plate of 100X 100 X 1.1 mm in si2e, is washed in the same below the upper edge of the substrate, the substrate is 
manner as in Example 1. This glass substrate is used as raised at a rate of 150 mm/minute until it is completely 
an anode. 50 taken out of dipping bath 6, and the substrate is kept in 

13.6 g of PVK as a hole moving arid donating agent, the atmosphere for 1 ininute, iirimediately followed by 
1.51 g of perylene as an electron moving and donating drying at 50° C. in a drying apparatus. The results are 
agent and 0.21 g of couniarin 6 as a luminescent agent shown in Table 7. 

are dissolved in 1000 g of 1,2-dichloroethane, thereby As apparent from Tables 7 and 8, when the coating 
obtaining a coating solution for forming a luminescent 55 for forming a luminescent layer is subjected to leveling, 
layer. The thus obtained cpating solution is placed in a uniform luminescence is obtained with a small bright- 
dipping bath 6 of FIG. 1. Further, 50 cc of 1,2- ness dispersion relative to the average brightness within 
dichloroethane is placed in solvent vessel 3. a single element, whereas when the leveling is not con- 

The glass substrate having been washed is held by ducted, the brightness dispersion within a single ele- 
catching device 5 fixed at the end of vertical mover 4, 60 ment is large and it is possible that the obtained element 
and the vertical mover 4 is lowered so that the glass cannot exhibit luminescence due to ah electric leak, 
substrate is dipped into the coating solution.to a position ^ v ■ 

10 mm below the upper edge of the substrate. Then, the tAAM^Lt t>7 

glass substrate is raised at a rate of 150 mm/minute, and The electroluminescent elements A-l through 1-1 and 
when the lower edge of the substrate comes out of the 65 A-2, D-2, E-2, F-2, H-2 and 1-2 obtained in Example 66 
solution, the raising is stopped and the substrate is kept are individually subjected to continuous operation by 
at that position, to thereby effect leveling in the solvent applying a direct current of 0.1 mA using a constant 
vapor. Then, the substrate is raised at a rate of 150 current power source. After the operation is conducted 
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for 100 hours, the brightness is measured at the same 
measuring sites as those employed in Example 66 for 
measuring the initial brightness. The results are shown 
in Table 9. As apparent from Table 9, elements A-l 
through 1-1 which are small in brightness dispersion 5 
within a single element are capable of exhibiting a lumi- 
nescence of high brightness for a long period of time as 
compared to elements A-2, D-2, E-2, F-2, H-2 and 1-2 
which are large in brightness dispersion within a single 
element. 10 

TABLE 7 



Element Brightness (cd/m 2 ) 



Average 
brightness 



trpns injected from said cathode and donating the 
electrons to said luminescent agent, 

said luminescent agent having a first oxidation poten- 
tial which is equal to or less noble relative to that 
exhibited by said hole moving and donating agent, 

said luminescent agent having a first reduction poten- 
tial which is equal to or noble relative to that exhib- 
ited by said electron moving and donating agent, 

said first oxidation potential of each of said three 
component agents and said first reduction potential 



Brightness 
dispersion (%) 



A-l 180. 185, 179/180, 176. 183. 182. 176, 185 180.6 

B-I 185, 182, 187, 180. 185, 178. 187. 180, 179 182.3 

C-I 180, 185; 185, 183, 182, 182, 183, 183,. 184 " 182.9 

D-l 172, 179, 176, 171, 176, 176, 175, 179, 177 175.8 

E-l 172, 175, 176. 179, 176. 171. 174. 176. 176 175.0 

F-l 172. 176, 175. 175, 174, 173, 171, 172, 176 173.9 

G-l 172, 173, 172. 171, 173. 176, 170. 171, 172 172.1 

H-1 172. 171. 17Z 174, 175, 177, 179, 171, 172 172.9 

M 172, 174. 175, 171. 171, 170, 170. 171, 172 171.7 



2.4 
2.6 
1.1 
2.7 
2.3 
1.7 
2.3 
3.5 
1.9 



TABLE 8 






Average 


Brightness 


Elemem 


Brightness (cd/m 2 ) 


brightness 


dispersion {%) 


A-2 


164, 189. 179, 152. 181. 182. 178, 191, 168 


176.0 


13.6 


B-2 


No luminescence attained 






C-2 


No luminescence attained 






D-2 


140. 141. 172. 138, .135, 143. 141. 138, 130 


141.9 


21.2 


E-2 


123. 127, 125, 119. 141. 148, 116. 131. 125 


128.4 


15.3 


F-2 


131, 133. 130, 121, 138. 140, 130. 135, 141 


133.1 


9.1 


G-2 


No luminescence attained 






H-2 


98, 116. 109, 94, 103. 112, 103, 107. Ill 


105.9 


11.2 


1-2 


115, 103. 116, 113. 116, 119. 116. 104. 113 


1 12.8 


8.7 



TABLE 9 



Element Brightness (cd/m~) 



Average 
brightness 



A-l 


126. 130. 125, 126, 123. 128, 127. 124, 129 


126.4 


B-l 


130, 127, 130, 126, 129. 125. 129, 127. 125 


127.3 


C-l 


126. 129, 129, 127. 127, 127. 127. 127. 127 


127.3 


DO 


121. 125. 125, 121. 125. 125. 125, 125. 125 


123.9 


E-l 


121. 125, 125, 125, 125, 123, 125. 125. 125 


124.1 


F-l 


122, 123, 123, 126, 123, 122. 123. 123. 125 


123.3 


G-l 


122. 121, 124. 123, 125. 126. 125. 125, 123 


123.7 


H-l 


121, 122. 125. 124, 124, 125. 125. 122, 123 


123.3 


M 


123, 123, 124. 123. 123, 122. 121, 123, 123 


122.8 


A-2 


See Note 




D-2 


28, 25. 0. 27. 23, 15, 13, 18,29 


19.7 


E-2 


15, 17, 16. 12. 11, 15, 12, 15, 16 


14.4 


F-2 


16, 16, 17,21, 15, 14, 15, 15. 13 


15.7 


H-2 


18. 16. 16. 20. 19, 12, 15, 15. 15 


16.2 


1-2 


15.20. 16, 18, 16,-16, 12, 18, 15 


16.3 



40 



45 



5Q 



Note: 

No luminescence is attained after 85 noun of operation. 

What is claimed is: 

1. An electroluminescent element comprising: 
an anode for injecting holes, a cathode for injecting 
electrons and, disposed therebetween, an organic 
luminescent layer, at least one of said anode and 
cathode being transparent, 
said organic luminescent layer comprising a three 
component mixture of at least one fluorescent lumi- 
nescent agent, at least one hole moving and donat- 
ing agent capable of moving the holes injected 
from said anode and donating the holes to said 
luminescent agent, and at least one electron mov- 
ing and donating agent capable of moving the elec- 



of each of said three component agents being mea- 
sured by cyclic voltammetry with respect to a 
solution of said agent in a solvent for said agent. 

2. The electroluminescent element according to claim 
1, wherein said hole moving and donating agent has a 
first reduction potential less noble relative to that exhib- 
ited, by said electron moving and donating agent, and 
said electron moving and donating agent has a first 
oxidation potential noble relative to that exhibited by 
said hole moving and donating agent. 

3. The electroluminescent element according to claim 
1, wherein said hole moving and donating agent is com- 
prised of at least one compound having at least two 
benzene nuclei and at least one nitrogen atom. 

4. The electroluminescent element according to claim 
3, wherein said compound is selected from the group 
consisting of a tertiary amine compound, a hydrazine 
compound, a pyrazoline compound, an enamine com- 
pound, a styryl compound, a stilbene compound, a tri- 

55 phenylm ethane compound having an amino substituent 
and an oxadiazole compound having an amino substitu- 
ent. 

5. The electroluminescent element according to claim 
3, wherein said compound is a carbazole compound. 

6. The electroluminescent element according to claim 
5, wherein said carbazole compound is selected from 
the group consisting of N-isopropylcarbazole, N- 
phenylcarbazole and N-ethylcarbazole. 

7. The electroluminescent element according to claim 
1, wherein said hole moving and donating agent is com- 
prised of at least one polymer having a hole mobility of 
at least 1x10- 10 cmW-sec at a field strength of 
1 X 10 s V/cm. 
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8. The electroluminescent element according to claim 

7, wherein said polymer is a homopolymer or a copoly- 
mer of an ethylenically unsaturated monomer: 

9. The electroluminescent element according to claim 

8, wherein said polymer is a poly(N-yinylcarbazole) 5 
homopolymer. 

10. The electroluminescent element according to . 
claim 1, wherein said electron moving and donating 
agent is comprised of at least one polynuclear com : 
pound having at least 3 condensed rings. 10 

11. The electroluminescent element according to 
claim 10, wherein said polynuclear compound is se- 
lected from the group consisting of an anthracene com- 
pound, a phenanthrene compound, a pyrene compound,- 

a perylene compound, a chrysene compound, a triphen-* 15 
ylene compound, a fluoranthene compound and a peri- 
flanthene compound. 

12. The electroluminescent element according to. 
claim 1, wherein said electron moving and donating, 
agent is comprised of at least one heterocyclic, com-. 20 
pound. 

13. The electroluminescent element according to 
claim 12, wherein said heterocyclic compound is an 
azole compound or a diazole compound. 

■ 14. The electroluminescent element according to 25 
claim 13, wherein said azole compound and diazole 
compound are an oxazole compound and an oxadiazple 
compound, respectively. 

15. The electroluminescent element according to 
claim 1, wherein said electron moving and donating 30 
agent is comprised of at least one vinylene compound. 

16. The electroluminescent element according to 
claim 1, wherein said electron moving and donating 
agent is comprised of at least one polymer. 

17. The electroluminescent element according to 35 
claim 16, wherein said polymer is a homopolymer or a 
copolymer of an ethylenically unsaturated polynuclear 
compound monomer having at least 3 condensed rings. 

18. The electroluminescent element according to 
claim 16, wherein said polymer has a main chain or a 40 
side chain having a heterocyclic compound group. 

19. The electroluminescent element according to 
claim 18, wherein said polymer has a main chain or a 
side chain having an oxadiazole unit. 

20. The electroluminescent element according to '45 
claim 1, wherein said luminescent agent is comprised of 

at least one condensed polynuclear aromatic compound 
having at least 3 condensed rings. 

21. The electroluminescent element according to 
claim 1, wherein said luminescent agent is comprised of 50 
at least one aromatic compound having at least 3 ben- 
zene nuclei. 

22. The electroluminescent element according to 
claim 1, wherein said luminescent agent is comprised of 

at least one dye. 55 

23. . The electroluminescent element according to 
claim 22, wherein said dye is selected from the group 
consisting of a coumarin fluorescent dye, a dicyanopy- . 
ran fluorescent dye, a thiopyran fluorescent dye, a poly- . 
methine fluorescent dye, a cyanine fluorescent dye, an 60 
oxabenzanthracene fluorescent dye, a xanthene fluores- 
cent dye, a Rhodamine fluorescent dye, a fluorescein 
fluorescent dye, an acridine fluorescent dye, a bis(- 
styryl)benzene fluorescent dye. a pyrene fluorescent 
dye, an oxazine fluorescent dye, a phenylene oxide 65 



fluorescent dye, a pyrylium fluorescent: dye, a thiapy- 
rylium fluorescent dye, a earbostyryl fluorescent dye 
and a perylene fluorescent dye. 

24. The electroluminescent element according to 
claim 1, wherein said organic luminescent layer is a 
layer prepared by dissolving or dispersing said lumines- 
cent agent, said hole moving and donating agent and 
said electron moving and donating agent in a solvent to 
obtain a solution or a dispersion, and applying the solu- 
tion or the dispersion to said anode or saicl cathode to 
form a coating thereon, and drying the coating to form 
the organic luminescent layer. 

25. The dectrbiummescent element according to 
claim 24, wherein said coating is subjected to leveling 
under a solvent Vapor during the drying... 

26. The luminescent element according to claim 24, 
wherein said organic luminescent layer contains at least 
one binder polymer. 

27. The luminescent, element according to claim 26, 
wherein said binder polymer is a curable . resin. 

28. The luminescent element according to claim 1 or 
24, wherein the weight ratio of said, hole moving and 
donating agent to said electron moving and donating 
agent is in the range of from 5:95 to 95:5, , 

29. The luminescent element according to claim 1 or 
24, wherein said luminescent agent is comprised in said 
organic luminescent layer in an amount of from 0.01 to 
20 parts by weighty relative to 100 parts by weight of the 
total of the hole moving and donating agent and the 
electron moving and donating agent. 

30. The luminescent element according to claim 1 or 
24, wherein said organic luminescent layer has a thick- 
ness of 1 urn or less. 

31. The luminescent element according to claim 1 or 
24, which further comprises at least one member se- 
lected from the group consisting of a hole injecting and 
transporting layer disposed between said anode and said 
organic luminescent layer arid a hole inhibiting layer 
disposed between said organic luminescent layer and 
said cathode, ■ ■ - 

said hole injecting and. transporting layer facilitating 
the injection of holes from said anode and trans- 
porting the injected holes to said organic lumines- 
cent layer, 

said hole inhibiting layer inhibiting passage of the 
holes into said cathode to hold the holes within said 
organic luminescent layer* thereby allowing the 
holes to effectively contribute to luminescence. 

32. The electroluminescent element according to 
claim 1 or 24, wherein said element is driven by alter- 
nate current. 

33. The electroluminescent element according to 
claim 1 or 24, wherein said element exhibits a statistical 
brightness dispersion of not greater than 5% relative to 
an average brightness of from 122.8 to 182.9 cd/m 2 . 

34; The electroluminescent element according to 
claim 1 or 24, wherein said hole moving and donating 
agent has a first oxidation potential which is less noble 
as compared to +2.0 V. 

35. The electroluminescent element according to 
claim 1 or 24, wherein said electron moving and donat- 
ing agent has a first reduction potential 1 which is noble 
as compared to —2.50 V. 



